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ABSTRACT 



Twenty-two speakers, attending the University of 



Oregon College of Education's Third Annual Summer Conference, 
entitled "The Computer: Extension of the Human Mind," in July, 1982, 
submitted their papers for publication in this volume of conference 
proceedings. Papers of a wide-ranging speculative or theoretical 
nature were presented in general Interest sessions. Authors of these 
papers and their topics were Moursund on computer literacy, Bork on 
educational change related to computers, Zamora on off-campus 
computer education, Billings/ on learner control/ Kling on the 
relationships between educational for social philosophy and approaches 
to computer instruction, Olds on the hidden curriculum of / 
computer-assisted instruction, and Kinne on the development off the 
microcomputer and its market \ Special interest sessions were 
addressed by speakers discussing specific applications/ of computers 
in the following areas: special education, educational program 
evaluation, elementary and secondary mathematics and science 
instrucfzta0 literature searches, computer programming instruction, 
career information systems, and home computer-based learning systems. 
Other special interest sessions dealt with professional associations 
for contputer educators, resource materials regarding development of 
small college computer science programs, and applications of 
computer-assisted instruction. (PGD) 
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/ . FOREWORD 



The Third. Annual College of Education Summer Conference has been 
designed to provide, a broad' perspective on the computer revolution 
and. its implications for educators in the next few years. "The 
Computer: Extension of the Human Mind" will -bring together leaders * 
in the computer field to explore current Issues and ^trends i it 'educa- 
tional uses of computers.. 

This Is really the fourth or fifth generation of computers in the 
second "computer revolution" for the world. However, it is the first 
computer revolution for schools. Actual .use of computers in' schools i- 
has lagged far behind predicted use. In the past two decades, adoption 
of these flexible new tools has been slow due to high costs and a con- 
fusing, rapidly changing technology. Now, with microcomputers and 
software/development 1t is" likely that computers will have a long- 
predicted-ma j.or impact on ail aspects of education. 

The effects of the microcomputer revolution are already all arounc 
us: in small businesses, the pr6fess1ons---part1cularly law, medicine, 
and. arch1tecture--and the arts. Video game arcades using the latest 
software seem to have grown overnight 1n every shopping center and 
mall in America. Personal computer costs are dropping to an affordable 
Jevet; soon, minicomputers 1n our homes may be just as common as tele- 
phones and televisions. 

Let us hope we can "extend our minds" through this exciting new 
technology, and learn better how to prepare ou/students in the schools 
for their hew computerized world. \ 



Robert D. Gilberts; Dean 
College of Education 



' . - - INTRODUCTION 

/ - 

The ERIC Clearinghouse on Educational Management is pleased to serve 
* » * ... 

as publisher of the Proceedings of the 1982 summer conference sponsored by 

the College of Education at the University of, Oregon. As one of sixteen 

clearinghouses in the federally funded Educational Resources Information . 

Center network * the Clearinghouse on Educational Management collects, 

processes, and .disseminates information on the structure, governance, and 

administration of elementary and secondary schools. The Clearinghouse 

views t the publication of these Proceedings as not only a convenient service 

to conference parti ciparfts</^but a means of sharing the valuable materials 

^generated b y th e con ference wi tj x^scfooT pra ctitioners and other interested 

people across the country. . , 

Appreciation is due the conference presenters for their promptness in 
meeting deadlines so that the Proceedings might become a reality. With 
few exceptions, the presenters submitted their papers in time to be included 
in the pages that follow. Grouped according to general and special interest 
sessions, the papers are listed within each session in the -order in which 
they were presented. ' 

For readers 1 ease of reference, the presenters were asked^lo follow a 
uniform style for organization-am}- layout of thei f_papens. — Without exception, 
the papers arejEM^ted^exictiy as^tfiey were received * 

• Additional copies of the Proceedings may be obtained by sending $10 
(prepaid or purchase order) to Editor, ERIC Clearingtrtfuse on Educational 
Management, University of Oregon, Eugene, Oregon 97403. 



Philip K. Piele 
Professor and Director 

ERIG Clearinghouse on Educational Management 
CChairman , Conference Planning Committee) 
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THE >GOMP0TER-LITE RATE STUDENT 

./ * • 

David : Moursund 
University of Oregon 



Th* computer can be viewed as an extension , of the human mind, • 
rN , -"^a !! ^ Sa "^ ammer ' and s P e « can be viewed as extensions of the 
fV numan body. The Computer is a tool wh'ich incorporates ideas from " 
CD reading, writing, arithmetic, telecommunications, and automation. 

Computers have the potential to "substantially change ,the con- 
• tent and process of formal, industrial,, and informal education ^at-ail 
Revels, Computers are already changing what many millions of people^ 
do in their 3 obs and what ]they .do for entertainment. Out of these 
observations hab- emerged the idea that all students should become 
> computer _litera:e. Unfortunately, there is no universally , accepted « 
definition of computer literacy. \ 



' . r his pape f examines the concept of computer literacy from a 
student perspective^ ^ definition of computer literacy thaf emerges 
is a functional-too* level of knowledges-relevant to the tasks-and 
purposes of being a student. This definition can help in teacher" ed ~ 
v ucation, curriculum design, and educational materials development as 
computers become increasingly,, important in education-. ~ 



Mind Tools 



One of the distinguishing characteristics of human beings is that 
they create and use a wide variety of tools . In early -History these 

E^n^r fc ? syrviva1 ' such as spears, clubs, and knives. 

Eventually, -however , t agriculture and its related, tools emerged. At 
this level of civilization reading, writing, and arithmetic became use- 
rul to- increasing; numbers of people. 

> , v : 

Reading, writing, and arithmetic may b% viewed as mind tools. 
They are an aid to a human brain,, supplementing and extending its cap- 
abilities. A person who can read has access to tremendous -amounts 
of accumulated^information, such as one^ finds in the Library of Con- 
gress or a local newspaper. Writing is a supplement to human memory, 
as well as an aid to communication. Almost all students can develop 

-paper-and-pencil assisted s ar£thmetic skills that far exceed their men- 
tal arithmetic skills* 



^It takes considerable effort -for ^a child to learn to read Well 
enough so that jading gives access to library resource materials. 
And each discipline has its own special vocabulary. Thus, reading in- 

inS^nV 8 ? 0<|h f ** 1 ™ t ^*J e in its °™ ***t and is*5so woven 
into al ^ evels " COU ^ S6S ° f foif T 1 ed " c »tion. "With increasing read- 

SC K JL C0 ^ S asing md - »° r f Penetratin 9 access to the accumu-"' 

I ' pledge of the humaLrace. It is for this reason that 
reading is one of the basics of education. ' ' 

— ■ Similarly,, writing has emerged', as one- of the basics of "education 



Writing is useful in coiipunrcatioh 'over time and distance. It is use- 
ful in organizing, on^'s thoughts and one >s attack on haird problems. 
It is am aid to the human, memory. 

Arithmetic (or mathematics) shares characteristics of reading 
and writing, -but adds a hew^mension. The development of our current 
notational system, with a zero, decimal point, and positional notation, 
was very difficult. The best mathematical minds of their times stru'g- 
^gied with these tasks. 

But n'ovj- a grade school student can learn pur notational system 
__an<t P an _yse il^tp_ solve ar^|hmeti ove r the years 

we have developed algorithms "for such difficult problems as? addition, 
subtraction, jnultipiication , and division. A student can memorize 
-these algorithms; with practice a student can develop considerable- 
* speed and accuracy at performing these algorithms. Today's eighth 
grader can solve computational problems that were beyond the capab'il- 
-Xties_o£_al-L-b>it -the-nK>st^briMiant-mathe^ thousand years 



/ 



I ago* \ , ' \ 

I Reading, writing, .and arithmetic ale wonderful aids to human iri- 

: tellectual endeavor, J bver-the -years technology has enhanced their 
/ , usefulness and eAse of use. The abacus; invented about 5000 years ago, 
was so useful it is sti-l-l\used today in some parts of the world. The 
.^^M^VM ^vable type, and modern! high speed presses have con- 
- tributed to*our- current-high levels of reading literacy. The type- 
writer, now being supplemented 'by electronic word processing systems, 
is a marvelous aid to writing; Electronic calculators are now a common 
household itemj Al^ of ; these are examples of machines that enhance 
the tools of readings Writing, and arithmetic". 

^ . \ " - V, 

v Computers 

Originally computers were designed strictly as aids to arithmetic 
computation. T he, goal was to develop„an_automated, ^high-speed calcu- 
, lator. Certainly that goal has been realized... A medium priced compu- 
ter can perform about 10\ million computations in a single second.' Such 
a machine can continue at this speed hour after"'hour without making a 
mistake. • \ 

.Using pencil and paper you may be able- to multiply together two 
multi^digit numbers in aboilt a minute. To do 10 million such problems 
would take you 57 years if *ou worked eight hours per day, seven days 
per week. The medium priced computer accomplishes the -same task in a 
second, at a cost ofjtop_ut>a+nicfcel , and with" no errors! 

Computers began to be mass produced in the 1950s. By the early 
1960s computers were reliable \and reasonably priced relative ! to their 
applications: That is, it was^cost effective to use , computers in a 
variety of scientific, business, and government applications. 

But the use of computers Was not restricted: to science, business, 
and government. Computers couldWork with letters as well as digits— 
with words as' wel l as numbers . ^J^mpuXexs^Quld^e_AiseAJgr information ' 



II 



storage and retrieval and for yotd~ processing/ Computers could, Jd§_ 
used in art and music and in t\ie sociaL sciences. * / J 

The computers of the e^ply 19610 's were; transistorized, using many* 
thousands of individual transistors. At that time technology produced 
the integrated circuit, a collection^of transistors and other ^lec-_~ . % 
trqnic components v manufactured as a jingle unit. It Was 'cheaper and 
more reliable them ^the .individual components^ it replaced. This; resulted 
in a major decrease lh^the cost of a given amount of computer ccvpabil-* 
ifcy., Computers became ^ysipally sma/ller and more fugged. 

The integrated dircufb^aye way to the large scale iAtegf atecK 
circuit-; --that in turn- is ylyiwg ; .way, to very large-scale integrated^ cirr 
cuxts (Vipi)*. Now a circi/i^ the size pf one's fingerhaii ta^ cbntkip 
the\ equivalent of^£undred£ of thousands of transistors ahi other lelec- 
tronic components. When mass pro<|uced\such VLSIs cost a few tens! of^ 
dollars of less apiece, j yke cost per -individual active element is a 
small infraction of a cent; 

This inexpensive electronic circuitry makes possible cheap. pock — 
et calculators, electronic digital' watches, and talking machines such 
as Texas instrument's Speak and SpelJ. It makes possible personal! 
computers, hand-held computers!, electronic games, 4of home use, and! 
electronic arcade gaimes. 1 '" * 

Cheap computers .are the prime reason for this conference. Xti Is 
only because coinpufcef s are so cheap and readily available that they 
are a major educational issue. 

Progress in developing VLSIs with even more components is contin- 
uing at a rapid pace. It could well S>e that inexpensive toys of the' 
year 2000 will contain computer power rivaling the hundred thousand 
dollar computer system of todfey. # . - — \ 

Hardware is only one part of the computer picture. Very dfaftar 
tic progress is occurring in software. A good example is provided. i>y 
LOGO, a graphics-oriented language ^especially suited to the needs of i 
young childreni Several speakers in this conference will discuss LOGO ? 
and its potential for helping/to revolutionize education. 1 1 

% — ■ . i , 

More generally, a field 'called software engineering has emerged " 
as computer scientists hSve ^earned more about the design and implq- I 
mentation of sophisticated software. The development" of high quality^ * 
software is both an art and a science, but is becoming; more of a sci-J^ 
ence. __ ' ^ ' \ - \ 

The development'* of high quality software* is difficult. It is a*! 
significant bottleneck, to the increased application of computers. The; 
difficulty can be 'divided /into two major parts. First, w§ have gen- ! 
era^L .purpose languages such as ADA^ASIC, COBpL,, LOGO y *and PASCAL. t 
TKe\3esign of a new language is a 4ifficult^ask. But once designed 1 
and adequately tested, such languages cajrlfe implemented on a variety 
of computers. Thus, in a sense, they are mass produced* and' mass dis^ V 
tf jbuted^ much "like hafdware. * 1 ' 



But to use such languages requires, substantial learning on the 
part of the user* Qhe must know a great deal about prografnning to de- 
velop PASCAL programs to solve the variety of co*puter^solvable~ pro- 
blems one mightleacpuntef in high school or college. 

; ' / 

An alternative is to have more specific applicationsr-oriente#, 
menu-dr£ven programs. In menu-driven software the user is ,given a 
menu of options and makes a choice .a^t^^br. stage "of solving, a 
particular type ' of '.problem, vOne must%2r&* a special menu-driven pro-r 
gram far each' genexf^cat^^^\probl^to. be soived. But there are 
manv^ns df thousanffef lif f*fnt .categrpies of problems that are 
c^generaianterest;|f^e-t prdparirig menu-driyen software to 

solve ^e\y*riety of ? |>robiems-^ htmans RnpiC can:: be solved by compu-^ 

"is^a^in Writing of thew'b<^ks'^n';& vejfr large research lib- 
rary^ Thus, while rapid progress is Vccur|ing f , we will have a very 
*6ng way to go. Twenty years ;lrpm now^c^^Ul ; still be complaining 
about the lack of adequate sbitWate; 

A current major area of complaint is software that can take over 
a substantial part of the^teaching process . Wfe know ^that , computers 
can- help people learn certain types of subject matter. So, why don't 
we have polluter assisted learning materials that cover the fntire j 
curriculum at all grade levels? The answer is obvious. The task is ^ 
larger than. th&t" of developing ail currently available textbooks. 



The Intelligent Machine 



Con^uters -are relatively cheap) reliable* and increasingly read- 
ily available, 'they .are a general purpose aid to problem solving, 
somewhat akin to redding, writing, and arithmetic. But. they are also 
different. \ 

We cak see this difference even in % simple calculator. A prim- 
ar^ : %cade 'J^deht tan understand the concept of division and can, do 
'sii»lj*$^ But hundred?, of hours of, training and prac- 

tice: are needed to master paper and pencil long division of multi- 
diait ' i>untoe3^ :t Alternatively ,- a student cam lear^ to use a calculator 
by la few Mnutfes of graining and grac££pe. 

\ * * ' v ■ ' • 

A calculator^#a?' v s^le r iatti^Vbf ah intelligent machine. It 
isn't^very lnteilig^,; ; and it isUcertaihly limited in the scope of 
its intelligence, indeed, one can get bogged down in a philosophical 
-discussion as to. the nature and scope of a calculator's* intelligence. 

But this missea^he ma;)or educational issue. Since calculators 
are cheap, reliable, a^ readily available,, most adults use them. The 
math education /time students^ spond mastering paper and pencil multi-^ 
digit long diyisipn might ihstetd.be spent studying problem solving, 
a foreignjjanguage, or oral and written^cMimunication skills. 

The calculators and grade ' sdhool arithmetic i^sijeis just the 
tip of the iceberg. There are .thousands of types of probie^s^here a 
part of the problem can* be solved either "by hand" or by use otf-a^com- 
puter. A computer can draw a graiph or aVeather map, solve equations 
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or perform a statistical calculator/ printout text or set typfe for a 
printing-press. A computer can telp an artist, musician, or poet. In 
light of current and increasing Computer capabilities we "must ask about 
their impact upon the content of education. What should people learn 
tp^ do -mentally? What should th^y lefcn to do assisted by paper, pen- 
cil, and books? What should they learn to do as 4s ted by computers? 

rAnd- what about the proee/bsipf education^ teaching, evaluation, 
record keeping, and so on? It is evident that all of these are Intel- 



lectual^tasks, requiring considerable skiK upon the part of a 
But computers- can help In a|l/^hese tai£s. If computers are us 



teacher . 

-o instruction, how wi/ll this affect students and teachers? 




.Computers and Students j . 

HoV can^omputersr^affect students? We are ail aware of one ans- 
wer--the arcac.3 games.- Students an the U.S. now spend more money on 
arcade games than they do on music records and tapes,, or on movies. 
For many students the home and professional arcade games rival or ex- 
ceed television as a form of entertainment. The potential negative 
effect upon these students' education is large. • 

However , le£ ' s focus upon potentially more positive effects. 
How computers- affect a- student's education will depend upon the qual- 
ity and quantity of computer facilities, available, the computer- 
oriented knowledge of the teacher, and how much the student learns 
about computers. We will look at four levels of computer application 
to education, based upon levels of student knowledge Trequired. 

Novice Level 1 " 

With just a few minutes of instruction a student can learn t P 
turn, on a computer system, load and execute a- program, and interact ■ 
with, the program aV.it runs. Interaction may be via touch panel, pad- 
die or joystick, keyboard,, light.pen, digitizing tablet , voice , and 
so on. Software and hardware can be developed to fit the needs of-' 
non-readers, physically and mentally ^handicapped students^ 'and" other 
■students at. aH educational levels. — <TJ\ 1 

Innumerable s^dies^we^been done on computer assisted learn- 
ing. Many_stud±es Report no significant difference, while some report 
negative or positive effects. The general conclusion that has. emerged 
is that with good Quality computer assisted learning materials- stud- • 
ents learn as well as with conventional aids , and studants learn 
raster. 0 

From the student point of view, then, computer assisted learning 
is a definite contribution to education. Computers can provide an 
individualization of instruction, feedback, record keeping, and over- 
all sense of direction that can help many students to learn faster 
than they otherwise do. The explanation for this may be quite simple. 
For most students, interactive use of a computer is high quality time-" 
on-task. Increased quality and quantity of time-on-task- results in 
increased learning during that time.. 



Intermediate Level 

There are many # ediicationally-oriehted computer applications that 
take a j significant amount 'of learning on the pait of a student. The 
use of} a word 'processing system provides a good example. Even grade 
school' students can learn to use a word processing system. But if 
the student lias no typing skills the overall computer usage -tends to 
be painfully slow. < 

Word processing in the elementary school is especially interesting 
from ah educational point of view. ■ Computer assisted learning materials 
exist that cam bie 'used to help a person learn touch typing. Should grad 
school students leafrn touch typing? Spelling checking programs exist. 
Should children be allowed to use them? If students are learning to 
type, jwill they develop acceptable hand writing skills? Some- students 
are compulsively neat; will work processors encourage them to write 
more, correct errors more .often f rewrite, more frequently? 

Another intermediate level application is computerized infbrniation 
storage and retrieval. There are now thousands of data J^lJks'''x^^tain- 
„iIig educationally relevant materials. T^Jj^ehch^cwefrment is in the 
process of replacing paper telephpne-^orectpries by computer terminals 
in-people > 5- homes . ^n -goiae^ways leamingyto use such a system is like 
learning to use a research library .^A^^ew minutes of instruction allows 
one to^earn to'browse and to experiment. Many weeks of instruction 
and practice are heeded to learn to make full use of such systems. 

Right noWv most educationally-oriented information retrieval systems 
are l Efficiently^ expensive that only trained professionals use them. 
Graduate" students^ and researchers have searches run for them, or perhaps 
learn to nan^s^a^hes^^r themselves. But this is gradually changing. 
Ey^B^v^I^con^uteTized libraries will be accessible to all people, 
both in school and at ^ome . - • ; 

As a final intermediate level example, consider libraries of pro- 
grams designed tb help .solve specific categories of problems. The pro- 
blem might be graphing or statistical analysis of social science data. 
It might be writing and editirig of music. It might be architectural 
cr engineering design or strtdcttiral analysis. It might be a mathema- 
tics problem, from physics, economics, or weather forecasting. 

All cases require two types of knowledge. One is* the specific 
subject matter of the application, while the othej^ is how to use the 
computer system. This suggests strongly that instruction on use of a 
computer as an aid to problem solving be integrand into all academic 
disciplines . 'at, fell levels, if a computer is a useful tool in helping 
to solve a pafliicular category of problem then students should learn 
the computer tcibi as they study the academic problem area. The paral- 
lel with reading and writing seems evident. . v 

Advanced Level % 

Writing is an important part of the reading-writing duality. Com- 
puter ^programming is ah* important part of the computers-^in-education 



field. 



- „ > *° U are ' - of - cou ?se, aware that, a grade school student can learn 
•V sim P le BASIC programs to print out wordsor to do arithmetic 
calc .xons. Using LOGO a student' can. learn to draw geometric pat- 
terns. In both cases students can learn to program we H Enough to 
gain satisfaction in their skills and tc encounter programming tasks 

-tirat stretch or exceed thei'f skills., 

• As students; progress into secondary school and into higher educa- 

tion -they gam norland more knowledge of the tools and problems of 
various academic disciplines. The computer programming skills needed 
to help attack these problems grow accordingly. • 

We can look at this problem at any educational level. Suppose we 
.have a college freshman who.has never used a computer. How many col- 
lege level courses are needed » the student can program at a level 

SSSflMi^ StUddnt ' s c a11 ievel ° f education and problem 
.solving skills? The student is taking courses in the humanities, 
social sciences, and sciences, in one of these- areas the student en- 
counters a problem that is well suited to computer-assisted solution. 
Is. one year of computer science/computer programming coursework enough? 
How about two years? ' ^"""S^- 

_ We- know that such levels of skill can be learned by many students 
at the precollege level, ,This can be accomplished by ^ combination of 
formal instruction in computer science and the continued use of the 
student's computer-related skills in a variety of othekcourses 
again, the parallel with reading and writing is evident. 

■ ' 0 * / ' 

Professional Level 



Once 



We all understand there is a difference between a "functional lit- 
eracy level of reading, writing, and arithmetic, anc/ a professional 
level of -knowledge and skill. So it is also with- computers. . 

« Some secondary schools l^ve vocatiohally-brient/ed courses in data 
entry,, data processing, or machine maintenance and iepair. More fre- 
quently these and other job-entry-level courses are/of fered . in two- 
year colleges or private data processing training institutes. The data 
processing field is very large and still rapidly gjowihg, so that many 
people find employment based upon- such levels of education. 

- The demand for computer and information science bachelors, masters, 
and^Ph.D. graduates far exceeds the supply, in recent years there has 
been\an explosive growth in students seeking a bachelor's degree in 
computer and information science^ The production^ of Ph.D.s- is totally 
inadequate to straff the degree . programs these students wish to pursue. 

Computer Literacy / , 

' W !. can f w see the difficulty in settling upon a single and simple' 
definition of computer literacy. Every student can easily master the* 
Novice Level of computer knowledge. If appropriate hardware and soft- 
ware are available this can make a significant contribution to the 
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student 1 s education . 

With appropriate instruction, every st^&ent can acquire a jEunc^ — - 
tiohal Intermediate Level of knowledge in seyera^majpr-.application 
areas such, as word processing and infoiinat-ioh"^fetrieval. Again, this 
is^ quite useful to tie^studentrr^^^^ 

_-^^^very student can develop rudimentary programming skills; but with 
thi. languages and computer systems currently available it i^s not evi- 
dent that all students can acquire an Advanced Level of conp s uter know- 
ledge and skills. For many the effort required may be too high rela- 
tive tp the potential rewards . 

The parallel' with reading and writing breaks down. here. One can 
be a very effective user of computers ^ithout knowing how to write 
programs. An Intermediate Level of skill and knowledge may suffice 
for many students. • „ — ^ . * 

4 Computjar literacy, then, depends upon the individual students. A 
college bound high school senior, intending to major in engineering, 
needs a different definition of con^mter literacy than does the tenth 
grade drop, out. Computer literacy for a college graduate in physics is 
different than computer literacy for a college graduate in art or music. 

In any event, one thing is clear. Our school systems are not pro- 
ducing very many computer literate students. We have a very long way 
to go before we can claim a high percentage level of success in produc- 
ing computer literate students.* This is Especially true at the pre- 
college level of education. 

Ethical and Social Concerns 

This discussion and definition of computer literacy has focused 
upon a functional, useful-tool level of knowledge. There is another 
dimension which is quite important. It has to do with the ethical arid 
social issues surroianding computers and their applications. 

We are all aware of how tools affect their users. Our society is 
highly dependent upon the technology .of automobiles., electricity, and 
telephones. Increasingly we are dependent upon computers.^ 

And there is the issue of misuse or abuse of computer capabilities. 
We have increasing numbers of very large computerized data banks. The 
year 1984 is nearly upon- us,,, and computers are a major facilitator to, 
•-•Big Brother is watching you." f 1 

Other social and ethical 'issues center around the "haves" versus 
fhe "have nots. ,? Some people have computers in their homes. Their 
children may have a distinct educational advantage. Some schools, use 
computers mainly for routine drill arid practice in the basics of edu- 
cation. More affluent school systems ten4 to use computers to frelp 
develop higher level problem solving skills ♦ 

«» 

The social and ethical' aspects of computers can be woven into our 
educational system at a variety of levels. Special attention may be 

17 

10 



given to them in secondary school social studies courses and in similar 
parts of a student's computer literacy education ♦ 

* - 
Computer Literacy for Teachers 

The model for computer literacy discussed in this paper requires 
that students at all academic levels and in all academic disciplines 
be given computer-related support arid instruction. Hardware, spftware, 
curriculum materials, and knowledgeable teachers are required. 

Hardware can be mass produced. We can be^assured* that for many 
years to come we will continue to ihave ,a rapidly decreasing price-to- 
performance ratio for h&r aware. Eventually computers wiJ% be common- 
place in hopes and 'schools. - ' \ 
. ' x 

> ' The software problem- is difficult and is less amenable to mass pro- 
duction techniques. But good progress is occurring, so increasing 
amounts of suitable software are becoming available. While the software 
problem will never be completely solved * it will gradually become-smaller . 

We ad not yet have curriculum^ materials suitable for integrating 
comp\iter~usage throughout our educational system. Even if We did, we 
do not have sufficient computer literate teachers to handle this inte- 
gration. While computer literacy for students is the ultimate goal; it 
is computer literacy for teachers that stands as the major barrier. If 
we want students to become computer literate then we must put consider- 
able resources into preservice and ihservice t.eacher education program. 

This conference constitutes, a Useful ''step in attacking, the pro- 
blem of computer literacy for teachers. It .represents a commitment 
on the part of the University of Oregon's College qf Education to 
helping- both , preservice and inservice teachers learn more aboutr compu- 
ters. X am very pleased to be a participant in this conference. 
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O \ " of nUnan inventions since the beginning of 

Li / \ mankind, the microprocessor is unique. It is destined 

to play a part in all areas of life, without 
exceptionr-to increase our 'capacities, to facilitate 
or eliminate tasks, to replace physical effort; to 
increase the possibilities and areas of mental effort, 
( to turn every human being into a creator, whose every ' 
idea can be applied, dissected, put together .again, 
transmitted, changed." 1 V" 

The theme *f this paper is that we are oh the verge of a 
major change in the way people learn. . This change, driven by the 
personal computer, will affect all levels of education ftom 
earliest childhood through adult education, it will affect most 
subject areas and most learners, it will affect bojbh education 
and training, it will be one of the f^w major historical changes 
in the way people learn. The impact of the computer in education 
willjiot produce an incremental change, a minor aberration on the 
current ways of learning, but will lead to entirely different '-- ' 
learning systems. , . _,. .. - 

j Tnis »assive change in education will occur over the next 
twenty years.. Schools, if they exist at all, will be very 
different at the end of that period./ There will be fewer 
teachers, and the role of tie teacher will be different from the 
role of teacher in our current educational delivery system. I use 
"schools- throughout this paper in the general sense to include 
any formal schooling activity, whether it be the third grade or 
the university, or any other level, for emphasis i sometimes 
mention particular types of schools. 

- " • \ - "" ■ • ' 

I hasten to say that this change will not necessarily be a 
desirable change. Any powerful technology carries within in it 
the seeds of good and evil, And that applies to an educational 
technology, one of my major Ipoals in making presentations of this 
kind is to nudge us toward N a more desirable educational future 
rather than a less desirable educational future. T Our efforts in 
the next few years are particularly critical for! education. 



4 

The full, long-rrange implications of the computer in our 
world^of learning are seldom discussed^ Indeed, people are often 
overwhelmed by the technology, delighted with each new toy which 
they receive, yet these implications must be considered if we are 
to move toward an improvement in our entire educational -system. 

The strategy of this paper will be to first look at the 
"why," then to look at the "how," and then to return to present 
5= c *ci. Many of the issues are discussed in more detail in my 
recent book, Learning with Computers .* . N 



Why will the computer become the dominant educational 
~ — ^ ' des1 very sys t em? — ■ — ; 

In making a brief case as to why the change 1 am suggesting 
will take place, I first look briefly at educational factors in 
modern society. Then I will consider aspects directly related to 
the computer. 

Current Status of Education 

•• • / 

First, it does not take any great effort to see that our 
educational system is currently in trouble. We are being told 
this constantly from all sides. The daily newspapers, the popular 
magazines, and recent books are full of descriptions of the 
problems of our current educational systems. One can even measure 
these to some extent by declining SAT scores, declining steadily 
until last year, and similar results from the National Assessment 
tests. 

independent of statistics, however, the most interesting and 
critical information is the decline in faith in education in the 
United States. We can see this yfery heavily^eflected among 
politicians at all levels. At one time for a politician to speak 
put against education was suicidal. Now we find that it is often 
politically effective. Indeed, our current president campaigned 
on the notion that we didn't need. a Department of Education, 
although so far he hasn't abolished! it. But he did abolish the 
• entire science education division within the National Science 
Foundation, simply_by_j^itting its budget effectively to zero, the 
politicians know that education has little support in American 
society and that, indeed, it is politically expedient to cut 
/educational funds. Education has few defenders and many 
detractors. * ( 

I do not wish to imply that these- problems with education are 
simply a matter of public relations. Indeed education has very 
real problems in this country and .elsewhere. In the whole history 
of the American educational system there has seldom been a time • 
when there was greater turmoil and where the status of teaching, 
in both the public schools and universities, has been lower than 
it is now. 

All indicationr point to the fact that /this decline in 
popular support of our educational system will continue. Few 
positive factors other than interest in the computer can be 
pointed to. 

Coupled with this declining appreciation of education, 
perhaps even a consequence, is a factor which affects education 
even more directly, the factor of increasing financial 
constraints. The schools dp not raise enough money to run an 
adequate educational system in this country today. Any adequate 
science or mathematics teacher can make far more money outside of 
the schools and universities than that individual can make within 
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the schools. A few, teachers will be dedicated enough to stay witty 
^he-schools or to g o- t o-^crtiob lB ~ in spite o f -thto; — Butrmariy^ 



competent people %flll not, and many people who are not competent 
to do anything else will teach. These are harsh statements, ones 
that are not pleasant to hear, but I think they must be made. 

Financial constraints also show up in other important ways in 
education beside teacher salaries. We have had no new major 
curriculum development at any ievei in the United States for oyer 
ten years, y am referring to sizable curriculum development 
projects, th6 type which could lead to improvement in our 
educational/ system. Indeed, since the development of the HACOS 
course injthe early 1970 '8, federal funding in curriculinn * 
development stopped almbst entirely. Ironically, we were just 
becoming /skillful in such development when, the funds vanished. 
What we learned is now being used in large-scale curriculum 
development in other countries. & 
, I - . ♦ * 

Another dismal, factor in American education is the current 
classroom environment. Even young children frequently show little 
inWrest in education, reflecting widespread parental attitudes. 
High school classes often seem f more* like battle fields than 
icational institutions. Thii is in "stark dontrast to what one 
hds in many other countries at the present time. 

Hence, American education, and to a lesser extent education 
everywhere, is in trouble at the moment, it needs new approaches , 
and new ways of doing things.. Much of the pressure oh education 
is from the outside, and thi4 is the type of' pressure which can 
lead to real. change. * W 

The teaching profession is caught in a vicious cycle, 
spiraling downward. Rewards are few, morale is low", the best 
teachers are bailing but and the supply of gpod recruits is 
drying up.*? . 

f 

Computers 

When we move from this dismal picture of what is happening in 
education today to look at the computer situation, the picture is 
entirely different. The computer, the dominant technology of our 
age and still rapidly developing, shows great promise as a / 
learning mode. It has been said that the computer is a gift of 
fire. ,_-r— - 

First, a few hardware comments. Personal computers will be 
dominant^in education. But it is a mistake to believe that 
computers currently around are the ones I am talking about, we 
are only at the beginning stage of computer development, 
particularly with regard to the personal computer, today's Apples 
and even today's IBM Personal Computers, a good bit more 
sophisticated than the Apple, are hardly a shadow of the types of 
machines that will dominate learning. Central processing units 
are becoming cheaper and^bre sophisticated, and Memory of all 
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types is rapidly dropping in price* 



The integrated circuit technology is only at its beginning, 
and we can expect a long steady decline in prices, increase in 
capabilities, and decrease in size. Going along with this will be 
increased educational capabilities, such as sound (both in and 
out), much better graphics, alternate media, such as those 
provided by the videodisc, and a host of other rapid developments. 
In planning for computers in education we must give full attention 
to this dynamic situation rather than focusing on today's 
hardware. 

Technology is hot learning. We can; be too carried away with 
the technology and become interested in it to the exclusion of 
learning!. So we should not give primary attention' in education to 
the new hardware developments. The real interest in the computer / 
in learning lies not^in its decreasing price and increasing / 
capabilities, obvious to all, but rather to its effectiveness as a 
learning device. / 

How does one demonstrate this effectiveness? In education 
the traditional mode of experiment has seldom proved to be jj 
satisfactory. Neither the financial resources nor the number of 
subjects are adequate in most existing educational research. The 
difficulties have to do with the many variables which cannot bf£ 
controlled, so different from the experimental situations that:/ 
were typical of the physical sciences. Few large-scale ; 
experiments have proceeded with the computer, and these were often 
flawed. Further, pur skills in developing materials. have 
advanced, and many of the studies are based on minimal early/ 
material. We can find lists of research projects that supposedly 
do or don't demonstrate that the computer is good in^ learning, bu| 
I am singularly unimpressed with moist of these studies when I 
examine .them closely. _ ^ 

So the use of adequate comparison studies in demonstrating 
that computers are useful in education is seldom practical. All 
is not lost, however, in demonstrating effectiveness fori users. 
One important way to do this; very convincing in many situations, 
is to look at some examples of what is possible ind to point out 
the -features of those examples which lead to the computer becoming 
generally very effective in learning. It is this approach we will 
follow here. Another approach is through peer evaluation, the 
examination of materials by pedagogical experts in the area 
involved. 

Educational Technology Center Projects ' 

I will describe in this section three projects in computer 
based learning from the Educational Technology Center. The first 
used a timesharing system) the others, more recent, were developed 
directly on' personal comptuers. 

The first project is a beginning quarter of a college based 



physics course for science-engineering majors. The key .computer 
materials are the on-l ine tests, taken at a computer display. 
Other computer learning mater iais are" also available . The tests 
have in them a large amount of learning material. As soon as a 
student is in difficulty, he or she is given aid which is* 
specifically related to the difficulty. Each test is unique. 
Passingyis at the competency level; students either demonstrate 
that they know the material or are asked to study further and then 
take another variant of the test. In 10 weeks .we give about 
15,000 individual tests to 400 students. The computer keeps the 
full class records. * The National Science Foundation provided 
support*. \ - 

The second project is concerned with scientific literacy. It 
hopes to acquaint students with some fundamental notions about 
science: What is a scientific theory or. model? How is such a 
theory discovered? How do we use it to make predictions? (hat"*"' 
determines if it is a good theory br<„a bad theory? Tbe^tfaterial, 
currently six two-hour units, is designed for .a general audience, ! 
with initial testing done extensively jln-tTf<T public library. The j 
materials have also 1 been tested in^junior high schools, high 
schools, community coUeges7"and universities. Support was from 
the Fund for the Improvement of Postsecondary Education. 5 

^ - Tfie third project aims at helping students become fofcmal 
operational in the Piaget sense. The primary level is-junior high 
school. The formal for these units is similar to that for the 
science literacy materials. The project is supported by the 
National Science Foundation. 6 

Computer Advantages \ , 

Given a brief vieif of several activities, involving the^ 
computer in learning, we can now say why "the computer is such a 
pow^rful-JjMxn^ At least two factors are critical in 

considering jtAe effe^^ aiding learning, 

the interactive nature of\computer based lea^ngrand-the^ability^ 
to individualise the learning experience to the heeds of each 
student. \ 

One of the major problems in education, particularly 
education which must deal with very large numbers of students, is 
the fadt that we have lost oheof the most valuable components in 
earlier education, the possibility of having learners who are 
always playing an active role -in the learning process, in 
classical Greece, with the Socritic approach to learning, two or 
three students worked closely with Socrates, answering Socrates 9 
questions and therefore behaving *s active learners. 

\ * 

The process was highly labor intensive. As we h^sy>re and 
more people to educate it became less and less poesijle to behave 
in this way. lie cannot afford or produce enough master teachers 
to base our educational system on the Socratic approach. But we 
can develop good computer based learning material in which the 



student is always active* The computer may enable us to get back 
to a much more humanistic, a much more friendly, educa^onal^,- 
system by making all of our learners participants rat^r-than^ the 
spectators tlhey frequently are in our present^book^and lecture- 
learning environments. 



The second advantage-offered by the computer is 
individualisatisn orthe process of learning. , Everyone says that 
students^areraifferent, that each student is unique, that each 
^jLtud^fitlearns in different ways. But most of our Standard 
learning procedures, such as the lecture, are very weak in - 
allowing for- these individual differences. Thfcy typically treat 
most students in the same way. For example, if a student in a 
particular point in a course lecture is lacking some important 
background information, that student is swept along in our 
traditional courses with everyone else in the class; . The missing 
information is hard to acquire under those circumstances. 
rational. procedure would be to 'allow the student needing special 
help to stop the major flow of learning at that point and- to go 
back and pick up the background information. But most of our 
present structures for learning have no adequate provisions for 
such a possibility* The actual needs vary between what can be 
learned in a few minutes and what can be learned in a whole 
course. 1 

With the computer the situation .is entirely different. Bach 
student can move at a pace best for" that student. Bach student 
will be responding frequently to questions. (We have foundLin our 
recent programs that a student responds about every fifteen 
seconds). So. the computer, with curriculum material prepared by 
excellent teachers, cart determine what the student understands or 
does not understand at/ a given point. Remedial aid can be given 
where appropriate, siiply as part of the flow of the material with 
no break ftom the student point of view. Indeed, the student, 
using well-prepared ^asputer based learning material, does not 
have the impress ion /ttjat any "special" treatment is taking place, 
so no psychological stig ma is att ached to such aid. . Jfith -the 
/riaivi^aaTiaHon^^ with computers, one can hope to achieve 

the goal of mastery learning, where everyone learns all material 



essentially perfectly. 
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So much for "why" computers are going to become the dominant 
educational 'delivery system. The two factors mentioned, the 
unpleasant situation in education today and the usefulness of the 
computer as a way of learning particularly in dealing with large ; 
numbers of students, suggest to me that the computer will move V 
rapidly forward in education. But we still must look at the other 
side of /the question, tfie "how" of the development. That is, how 
do we move from our; preWnt situation, where pomputers are little 
used in learning, to a situation in which they are the dominant 
delivery system? This is the subject of the next section. 

HOW WILL WE MOVE TO MUCH GREATER COMPUTER USE? 



Let me first recapitulate; earlier information. The period 
ahead in education, for at least ten years and; -probably longer, is 
likely to be one of tremendous turmoil and strife. He are just 
beginning to see the outlines of that strife at the present time. 
The strife will be increased greatly in education as we begin to 
move toward such ideas as voucher systems' and. more detailed - 
^ccoimt^bil-tty^-— The traditional methods of preserving the status 
quo in education, or allowing only small; incremental changes to * 
take place, such as the power of the administrators and the 
unions, will have relatively little effect;^ much of the turmoil in 
schools will be imposed from the general community. Often changes 
will be generated by financial decisions which. lead to less money 
to the schools. The challenge will be the most serious one that 
has been seen in a very long time in the educational system. * 

The following comment by Peter Drucicer gives a view of the 
situation from outside acidemia : 

"In the next ten or fifteen years we will almost certainly 
see strong pressures to make schools responsible for drinking 
through what kind of learning methods are appropriate for 
each child. We will almost certainly see tremendous 
pressure, from parents and: students alike, for result-focused 
»• education and for accountability in meeting objectives set 
for individual students. The continuing professional 
; education of highly educated mid-career adults will become a 
third'tier in addition to undergraduate and professional or 
graduate worfc. Above all, attention will shift back to 
schools: and education as the central capital investment and 
infrastructure of a knowledge •ociety , .> 7 

Thus, will Mve a abc^ 
current -^^^fy^i^tmrtnidfii^ groping for new ways to 
_ ha»aie .education. -Few 'solutions' to the problem will be„ • 
apparent.;' . '--*>-•• •* '.*-•- , 

Home computers . . 

During the same period of time computers, particularly 
personal computers, will be decreasing in cost, increasing in 
capabilities,, or .(more likely) some mixture of these two trends. 
The changes will of ten be drastic, while the term one hears in 
the computer industry, sero *cbet hardware, is intentionally 
something of .an exaggeration, it does reflectwhat is happening in 
many areas of computer, technology.' *. 

One aspect of the rapid development of personal computers 
that will be extremely important for the future of education will 
be the increasing presence of the. computer in homes. Homes will 
represent the largest possible market for personal computers, 
since in no other situation can* one speak of millions of units. 
There are approximately eight/ million American homes; so the 
number of computers which can be sold for home use, provided the 
ordinary person can be convinced that the computer is valuable to 



own, is enormous, tfhe home will be the driving force for 
education top, since \the commercial pressures for home sales will 
be very great. 

In a /sense, education is never first w wi th compu ters. For 
many years we piggybacked on es sentially a business or scientific 
technology in computers with education only a poor follower. f The 
new situation will be similar, but with the home market the 
dominant one. \ 

^ro sell computers for the home, it will be necessary that 
they do something. The average home owner is not going to buy a 
computer on the grounds tfij^t they are currently being: sold to 
homes, primarily for hobbyists; "The home user of equipment buys 
an appliance, a device such as a refrigerator or stove that 
accomplishes some task or tasks.\ They don't buy a gadget that 
they can feut together^in various ways to accomplish different • 
typw orrorsT ^ 

skill of vendors in convincing people that the computer in the 



home will be useful to the average ^person, some estimates have 
suggested sixty million computers ir^ homes in ten yea*rs.^^. 
. ' v . . • 

f , I do not wish to imply that a single appliance-like use of 
the computer will drive the home market. On the contrary, a 
variety of such uses are likely to be important. Hcme'wotfa 
processing, for example, will be an extremely important use. Home, 
financial systems, complete enough to keep all the financial / 
records and write the^income tax when asked to,, and to aid in home 
financial decisions, will also be of importance/ ■ Personal record 
keeping system, including class notes, lists, and similar uses, 
are also likely to be of major use in the home. Finally, 
educational material will be one of the types of material that 
without question wiljSL drive the home market. The sise of thi* 
market will depend on the quality and quantity of such appliance- 
like programs. 

Thus, we will find learning material based on the computer - 
being developed, for home computers, in some cases almost 
independently of whether it will also be usable in elementary and 
secondary schools, university, or other learning environments. 
Schools Will use the material developed primarily for 'education ill 
the home even though it mty hot be ideally suited, it may be that 
this material will of ten have more careful thought put into it 
than some of the-ear Her products developed particularly for the 
school environment, simply because the potential market is so much 
lajjger and users more discriminating. Schools are already 
desperately searching for computer based learning material and are 
finding that little good material is available. 

^The people who are using the new learning materials in the 
home will be coming to our schools and universities. They will 
already have become accustomed to interactive learning, and more 
and more they will demand it in educational institutions. If the 
educational institutions wish to survive, they will provide iti 
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I am taking what may seen to> many of you, given the nature of 
the audience, to be a very market^oriented point of view. But we 
mu8t^bex| ali8tic in trying to plot the future, we must - 
-unafrstana-€hat the most fu^ameireMr-iasues that will determine 1 
the future are these marketing issues, not the academic issues 
wMch may be at the forefront of our own minds. , 



When we look at the school market, we see interesting 
commercial pressures. The dominant sellers of educational 

- materials to. schools today are the commercial textbook publishers. 
Yet commercial textbook publishing is <a static domain at almost 
all levels of publishing. That is, it is difficult for a company 
to make much progress there, in the sense of increasing profits. 

I Education itself is getting declining amounts of money. There 
will be declining numbers Of students for many years. The 
competition between companies is fierce, to end up with a much 
.larger share of that market at the present time, considered purely 
as a textbook market,, is-extremely difficult. 

£o it is^t surprising that many of the most' influential 
textbook publishers are now beginning to devote si sable amounts of 
effort, attention, and money to computer based learning. They see 
-^#iW r iKktt, where it is not at all clear at. present who 
will become dominant. Thus, a minor textbook publisher could see 
^Possibility of becoming a major computer based learning 
publisher, or a major publisher could see that computer based 
materials would very much increase revenues. Or a new company 
could see this as a particular opportunity for. advancement, 
allowing them to leap over the established companies. All these 
situations are happening new. > 

The list of textbook publishers putting. sizable resources 
into computer based learning is a distinguished one. *it includes 
auch names as John Wiley, Harper* Row,, Scott Foresman, Science 
Research Associates, Ho3raw^iilT~Random^ousef 
Brittanica, and many others. The type of involvement is different 
in different companies-this is, after all, a new market, one that 
is poorly understood by everyone, The degree of involvement also ' 
differs from company to company and is likely to differ^in time. 

' In addition t° these established companies, new companies, 
often particularly devoted to either educational/software or to 
personal computer software tore generally, are coming into ' 
existence. Sizable amounts of venture capita^ are available for 
such companies. These companies, old and he/, will be selling 
their wares, and so more and more school districts and 
universities wm be able to easily acquire 'computer based 
learning materials. 

•Bott old and new companies will have people actively 
soltoiting^school business. The older textbook companies may want 
to tie in the computer material with their' existing textbooks, but 



the newer companies will have^no need for this, and so may be open 
to acre adventuresome activities. Some of the companies will be 
^selling to a combination of the- home and school /market • In 
general the materials developed for the home market will be 
available in the school market too* 

Schools 

* ■ v 

Given the turmoil and financial restraints in„ the schools, 
the commercial pressures, the pressures created by the home 
' market, and the increasing effectiveness of the computer as a 
learning device, more and more schools will turn to computers for 
delivery of learning/katerial. Indeed, we can already spot this 
happening, although- in a minor way. * 

One interesting sign is the fact that many schools, 
particularly small schools, no longer have adequately prepared 
teachers to teach many of the important bourses in the curriculua.- 
Thus if we look at high school courses such as .trigonometry, 
advanced mathematics, and science courses, rural schools in the 
United States presently ate often hot providing these 
capabilities, at least not in a way that is competitive with the 
better large urban schools. Computers will * mechanism for 
equalizing opportunity for students by providing computer based 
learning courses in these, declining areas, courses that otherwise 
would not be available. Hopefully, these courses will be 
developed by the best individuals from all dyer the country. 

We may see a decreased role of the formal school and the 
formal university in pur educational system. M^ch education will 
be able to take place in the home in a flexible fashion. At the 
university level we already see one outstanding example of a 
development of this kind, The Open University in the United 
Kingdom, but still with relatively little use qi computers. The 
Open University has demonstrated that good curriculum material in 
home environments can be effective as a learning «ode and 
economical as compared with the standard cost of education. 
Voucher systems, if they are enacted, will make home learning much 
more likely. x 

I do not wish to imply that all education will move to the 
home, indeed, a view of the educational system such as that shown 
in George Leonard's book, Education and Ecstasy / suggests that the 
sociological components,, the factors associated with living with 
other people and living with oneself , will still probably best 
take place in small group environments within schools. But many / 
6f the knowledge-based components of learning may move to the , / 
home. 

Types 6f 'Usage • " * 

We have discussed very little about the wag computers will be 
used within the school system. Something needs to be said about 
, this, if only to counteract some of the current propaganda. 
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I wish to go oh record as stating that the computer will be 
u^ed in a very, wide variety of ways within our educational system. 
The notion that some "right* way exists to use the computer, and 
that other modes of computer usage are somehow wrong, is one that 
has been promulgated, I am afraid, by a number of individuals and 
groups in recent years. Indeed, /often staged debates at meetings 
comparing types of usage have been held, with the implication that 
there are right and wrong, ways to use the computer in education. 
Books have been organized in such a way that it sounds as though 
there were a competition for different types of computer usage. 

These debates, often on philosophical grounds, have made a 
tacit assumption that a right way to use the computer exists, if 
only that way could be discovered.. Mostly the authors have had a 
naive belief in their "right" way, and then set out, to try to 
establish a case for their beliefs. The principal probl<mKwi%h 
this type of reasoning is that it often does not proceed' from 
instructional bases, nor does it proceed from empirical bases, 
experimental studies. That is, the issues ttiat dominate are often 
technological issues, the nature of the computer hardware and what 
can be done with the computer hardware. These writers are trying 
to, carve some unique niche for the computer among other learning 
media. 

: ' -I 

These technologically-baaed and media-based arguments for a 
single type of computer usage are, I believe, entirely misleading. 
The decisions as to how to use computers— the .modes of computer 
usage , -the ar e as — should be made entirely on pedagogical grounds, 
the questions of what aids learners rather than on these 
philosophical, media, or technological grounds. Whenever 
decisions are made on pedagogical grounds, it will be found that a 
wide variety of computer uses will be employed, uses which are 
often adapted to the individual situation being considered. There 

fingi* "right 1 ? way to use computers, but rather a great 
variety of ways. 

1 * will give a brief classification of the various ways the 
computer can be used. This list is not exhaustive nor does it 
shdw fine detail. But it may be useful to at least consider the 
range. J ? - v 

Computer Literacy . Computer literacy is ill-defined and so 
much debated. It is recognised that at all levels of education, 
starting perhaps as early as eight or nine years old and 
continuing; through the school system, university, and adult 
education?! ^± i^iH the 
various ways the computer is going to be used in that society; 
they need to understand the positive and negative consequences of 
those ways. Pew full-scale computer literacy courses exist. 
Indeed, what often passes as computer literacy is vague history or 
learning to : program in a simplified way, to be discussed) in a 
moment. So this is still very much an open ar»a for computer 
uses. Specialised courses are needed fpr each group addressed; 
thus, computer literacy for teachers is a pressing national issue. 



• All these courses need to consider such important, future uses as 
word processing, personal financial and record keeping systems, 
and eductionai material. 

Learning to Program * Learning to program is already a 
rapidly increasing activity in our universities and schools. It 
represents in grade six through twelve the most common usage of 
computers at the presents time. Unfortunately, where it happens at 
this level it is often a disaster, harming more than helping the 
student. 

The major problem is the way programing is taught. A whole 
group of people is being taught a set of techniques which are no 
longer adequate, to the programming art today. These techniques 
were common in the early days of computing, but they are 
inadequate according to today's standards. Many of the people' 
learning to program in junior high school and high school* cannot 
overcome the initial bad habits which have often been instilled in 
them when they cone to the universities. Many universities are 
now reporting this phenomenon* 

- The main culprit is BASIC. It is not that BASIC has to be 
taught in a way that is antithetical to everything we know about 
programming today. But it almost inevitably is taught in such a 
fashion. BASIC Is the junk food of aoderli programming . Indeed, 
the analogy is close in that junk food tends destroy the body's 
desire for better types of food. But the analogy is weak in one / 
regard: BASIC is the initial language of the vast majority of / 
these people. It is as if you started feeding junk food to babies 
one day old and didn't give them' anything else until they were [ 
six! If I could leave you with one message, perh ap s the most f 
pressing message, it is to STOP ^KACHING BASIC . It is becoming \ 
clear that students who learn BASIC as their first computer / 
language will in almost all cases acquire a set of bad programming 
habits. These habits are very difficult to overcome, so BASIC } 
programmers have difficulty writing readable and maintainable 
code. v I . 

The following recent comment by a distinguished computer 
scientist, Bdsger Dijkstra, is relevant: 

"It is practically impossible to teach good programming t 
students that have a prior exposure to BASIC: as potenti 
' programmers-they are mentally mutilated beyond hope of / 
regeneration."* o j 

What programming languages should we teach? There are a J 
number of possibilities for junior high and high schools. Logo is 
certainly one interesting possibility, although I must confess 
that some features of Logo are- different from those recommended in 
the best modern programming practices. Logo, however, is J 
introduced in a problem solving environment, and that is very much 
to its advantage* Often its main intent is presented not to /teach , 
programming but to teach more general problem solving capabilities 



•or some specific area of mathematics ; But its general problem 
solving effectiveness has yet to be demonstrated in bur mass 
school environments With ordinary teachers. 

' «u ^J?*** goo< * P° 8sib ility is Pascal or a Pascal-like language. 
The material developed at the University of Tennessee and sold by 
McGraw-Hill under the name of "Computer Power" is an excellent 
example of an approach of this kind, if one looks for print 
material that is usable at the high school and perhaps even -at the 
junior high school levei at the present moment, the "Computer 
Power" material looks to me to be easily ^one of the best 
possibilities. •> — 

Another approach is to develop some Interesting capability 
based on a structured programming language. For example/ the 
recent *arel. The Robot from Wiley follows such an approach. 
Turtle geometry, in Logo, is 'the best known example. 

Learning within Sub-}**.* undoubtedly the largest use 

of fche computer in schools at all levels will eventually be not 
the categories just discussed but rather the use of the computer 
as an aid in learning. mathematics, in learning to read, in 
learning to write, in learning calculus, and in all the other 
tasks associated with the learning process. 

0n« person may work alone at a display or several may work 
together, when one looks at these learning tasks in detail, again 
one finds a great variety of Computer use, ranging from tutorial 

5 II \' t0 i ntUi "° n buildin 9' to testing, to aids in management 
of the class for the student. (feedback on what is needed and how 
to go about getting it) , and the teachers The threeprojects 
presented earlier show something of the range Of possibilities. 

Unfortunately, much of the material now available of this 
jype^is very primitive. We are, however, rapidly learning to 
develop better material to aid learning. ■ 

PRODUCTION PROCESS , 

.„ " *J " e g to »eet this~neW future, where the computer 
wi^.1 be the dominantgpducational delivery system, a critical 
aspect will be the generation of effective learning material, we 
need- new courses and entire new curricula, spanning the entire 
educational system. Hence, the development we are talking about 
is a nontrivial process, it is the degree of success of the 
development process that will tell whether we will improve or hurt 
education, we must convince the likely distributors that it is 
liable t^ay™ 10 * not the *■* typically 

,/ 

The development of curriculum material in any field and with 
any medium and at any level is a difficult process, it cannotbe 
done by amateurs who are doing it simply as a spare time activity, 
Many new observers in this field, looking at the problems quickij, 
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tend to underrate these problems of developing effective learning 
material. Hence r same of the solutions which have been proposed 
are solutions which are simply not adequate to the problems. Some 
% of these solutions assume only small incremental changes in the 
curriculum structure and do hot understand the magnitude of the 
development necesary. \ 

We cannot discuss fully in this paper all the aspects of the 
7 production process. The Educational' Technology Center has 
extensive literature available concerning these issues for those 
interested.- 

. Several critical points concerning products should be~made to 
give the reader a reasonable overall viewpoint; The production 
system is a complex system, one that should involve many types of 
people with many .different skills. If one looks at the production 
of any educational material, one sees that that is the case, We . 
can learn much by examining effective curriculum production 
systems, such. as that currently in use in The Open University, 
that used in producing the major curriculum efforts in the United 
States more than ten years ago, and that involved in such areas as* 
the development of textbooks. 

What we need! to resist is the notion that one person, perhaps 
a teacher in his or her spare time, will do it all. I do not : 
believe 'that any sizable amount of good curriculum material will 
be produced by this method. Furthermore, I do not believe that 
the devices which are being urged .for these teachers, such as 
sisple^minded authoring systems based on toy languages (Pilot) 
will be effective. Nor do I think that languages such as Tutor 
will be effective, because they do not meet the reasonable 
criteria associated with modern programming languages. Most of 
these language* are old in their design, and few of them 
understand the nature of structured programming. K serious 
professional approach is needed if we are to maintain the quality 
of the computer based learning materials produced. 

We, can see a number of stages needed in such a professional 
approach, listed below. - 

a) Preplanning 

b) ' Establishing goals, objectives, and rough outlines 

c) Specifying the materials pedagogically t 

d) Reviewing, and revising this specification 

e) Designing the spatial and temporal appearance of the material 

f) Designing the code 

g) Coding 1 

h) Testing in- house ~ " r 

i) Revising 

j) Field testing 

k) Revising 

The last two stages may be repeated twice. ^ > 




in the entire process the educational issues, as opposed to 
the technical issues, should be dominant. The best teachers and 
instructional designers should be involved in stages c and d to \ 
assure the quality of the product. 

PRESENT STEEDS 

This paper has presented an overview of some of the problems 
associated with reforming an entire educational system during the 
next twenty years. . Many details are either not mentioned oi 
treated very hastily. But I hope I have given enough details to 
convince you of the main directions that need td be taken. 

Ml teachers r - most of you are undoubtedly interested: in what 
you ^should do now to work toward a more effective future for 
education; First, you must decide whether you would Uke to be 
involved in the type of curricula development I suggested will be 
necessary, if you do want to be involved, you must take a long- 
range view of how to prepare for this activity. 

«» 

.1 would not advise you to buy an Apple. and start to use it I 
Nor, as you night suspect, would I advise you to take courses in 
BASIC. But it would be desirable to take a variety of courses* if 

y cc j 8 s i ble^ to you or to study on your own, in certain 
areas. 

Here are some suggestions. The first three refer to areas of 
learning, either through formal courses or through informal 
methods. 

X ' Learning theory. Good curriculum development cannot be 
developed without some appreciation of how people learn, even 
though there is no single coherent theory there. Courses in 
learning theory may help, based on the research literature 
concerning learning. I 

. 2 « Curriculum development . The question qf how to develop 
good curriculum material is one that deserves serious study. Some 
universities provide sucS courses. Some textbooks exist. Many of 
the issues are independent of computers, referring to developing 
with any learning media. 

3 - Modern programming l anguages . You might want to become 
acquainted with modern programming languages* such as Pascal and 
Ada. Again, you must be careful here, it is possible to meet 
these languages either in an old fashioned environment or in one 

that stresses structureiT^ic^aml^.^if^ 

possibility. Look at the textbook, if it doesn't introduce 
procedures until a third of the way or even further along, don't 
take the course. This isn't the only factor, but it is a good way 
of distinguishing reasonable from unreasonable courses. 

Avoid the "CAi" languages— they are inadequate, not suitable 
for serious material. Look at the authoring approaches based on 

' . ■*•**. 

• * 2 « 33 



modern structured languages. 

4. Listen to students . In your own teaching , begin to move 
away from the lecture mode presentation into a more Socratic mode. 
h critical factor is listening to what students say and watching 
what they do. This means that when you ask questions, you have to 
wait for answers! It also means working more individually with 
students in groups of two to four. It is only by this procedure 
that you will begin to build up the insights you need for how 
students actually behave when they are learning. 

People whose primary mode of interaction with students is 
through the lecture mode or through textbooks are seldom the best 
choices for preparing computer based learning material. The 
development of computer based learning material will heed vast 
numbers of experienced teachers, teachers who have been listening, 
to their students and who understand student learning problems. 

5. Personal^computers . Begin to use a variety of personal 
computers, with particular emphasis on the new generation of 16 
bit machines. Read the journals that tell you about new 
equipment. Watch for voice input, better graphics, and full 
multimedia capabilities. 

?6. Critical attitude . Look at a good bit of computer based 
learning material, trying to develop a critical attitude toward 
it. Don't be overwhelmed simply because it is interactive or 
because the computer is involved* Keep your mind on the learning 
issues and learn to develop some sensitivity as to what existing 
material helps learning and what doesn't. 

Most existing material is poor. Find put why. Read the 
journals that specialise in critical reviews.. s 

7. work with others . The development of good computer based 
learning material is best done in a group. Work with others in 
discussing goals,, strategy, and the details of design. 

8. Future orientation . Concentrate on the long-range 
situation, not today or tomorrow. Decisions which are "good 11 from 
a short-range point of vie* may be undesirable in the long range 
to both you and to the future of our entire educational system. 

So keep the long-range point of view strongly; in mind. 

9. . Visions . Begin to think about what type of future 
educational system would be both desirable and possible. If you 
want to influence the future, you must have visions. 

"Developing quality computer-: ass is ted instruction demands 
forethought; those of you who are unfortunately caught up in 
expedient movements in education need to take a closer, more 
courageous look at the nature of the hope on Pandora's chip* 
you're dealing with as powerful a tool as the gods have ever 
given us. -9 
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^ . ConpjterTow^v 

A Do-It-Yourself Comnunity Computer Project 

S^' • Ranpri4Ir-ZamoJa 

- _ — - -Project Director ComputerTown, USA! - 2 -~ 

• P.O. Box | \ 

Menlp Park C|{ 94025 

" As the number of microcomputers Increases, so do the number of alters 
native learning environments. Education, in man/ forms and on many subjects 
-is being carried "to the streets" and/ into the community. Some of the 
emerging enterprises arei:he M storefMt M IMmfisi centers /museums and 
theme parks,' and conmuhity-based &mpiterTown sites. 

.. , .//• 

Storefront Learning Centers 

The idea of a storefront learning center is not new. Before computers 
were readily available, there were' alternative classroom experiments: in many 
areas of the u\S. that focused „prf/.the- delivery of traditional learning 
materials,. When canputers arrive, a handful of eager pioneers explored 
computer-centered learning situations. In the early 1970' s, Liza Loop . 
founded the LO*OP Center, and P<6tople's Computer Company established the 
(Jranunity Computer Center ill California. 

These early ventures poinled the way toward, the'^future but appeared 
too early in the cycles Recent advances in low cost , portable technologies 
has spawned a new generation' of alternative education enthusiasts. In the 
late 1970' S, Annie and David Fbx created the Marin Computer Center in San 
Rafael, California. Their successful and innovative project represents the 
latest precursor to the hos/t of other learning places being generated. 

In Rolling Hills, California, Blair Sullivan founded Math City, a place 
to learn after school. In half -hour sessions, Math City uses computers and 
software to provide drill and concept formulation opportunities for children 
of the nearby community: 

' ~- • /• . 

the Learning Circuit in nearby Los Angeles, California, also helps 
people make connections with computers. Gary Ward, the operation's director, 

• offers courses and hands-on experience in programming, use of a computer, ^ 
financial applications, word processing, data base program usage, and micro- 
computer-based management systems. 

Computer Capers operates inside a shopping mall in Mountain View, 
California. People can "rent" time on a computer by the hour or half hour. 
Gonputer Capers provides access to, a variety of cannon microcomputers , 
offers classes oh progranming and applications, and lets you preview" 
software in your rental sessions. 

Jerry Brohg in Washington state has started a chain of storefront 
centers targeted for rural conraunities . He plans to offer hands-6n computer 
classes, assistance to school districts in the areas of woitf processing 



training, 4nd~a number of other services. Interestingly enough, his ||| 
company's name is Conmunity Computer Center, Inc. The wheel .turns full ' 
circle. ^ 

Museums and Theme Parks 

One of the earliest museum-based public access computer facilities , 
and, currently one of the largest projects , is the Lawrence Hall of Science 
in Berkeley, CA. This science museum ; perched amid the Berkeley foothills, 
houses both interactive scien' xhibits and a multitude of microcomputers 
and computer terminals. In ^ -»n, the museum has a computer van that 
travels to local v schobls . 

..' With the influx of micro -technology, several new and innovative 
"hands-on" museums and theme parks have appeared. All of these places pro- 
vide the public with the opportunity to . actually use ,and learn about com- 
puters,- along with numerous science^ and technology exhibits. 0 • / 

The Capital Children's Museum (COM) in Washington, DC is a.prime 
example. Ann Lewin^ the dynamic director and founder .of CCM, advocates 
"learning through doing." All of the exhibits, and the large computer room 
called the Future Center, encourage exploration and play. At the CCM, kids 
and adults find that they can rarely resist putting their hands into or 
onto some part of the participatory environments . , 

Sesame Place, a joint venture of the Children's Television Workshop 
and the Busch Entertaiiroent Company, sits in a bucolic community in Lower 
Bucks County, PA. As you would expect from the people that brought you „ * 
and your children Sesame Street, they combined their skills and the talents 
of Joyce Hakanssbh, a former staff person at the Lawrence Hall of Science, 
to produce, a uniqus Computer Gallery. They built special keyboards, and 
encapsulated over 50 Apple computers in brightly decorated boxes. 

The magic of these places have inspired others to try their hands 
at mixing people, computers, and exhibits. Some notable, projects are: , 
the Pacific Science Center in Seattle, WA; Boston Children's Museum, Boston/ 
MA; Franklin Institute, Philidelphia, PA; and the traveling Chevron 
Creativity Exhibit. New ventures appear monthly. Look for microcomputers 
to appear in zoos, aquaria, and your local theme parks. This summer, the 
Sah Francisco Exploratotium, a renowned, museum of science and human percep- 
tion, is of feriiig ; .computer graphics courses for kids 6-years-old and up. 

Q3mputerTowns . * 

I 

Bob Albrecht and I began the community experiment, called GaTputer- 
f own, USA! , in the Spring of 1979. Late in 1980, the National Science 
'Foundation awarded ^grant to the project through People's Computer Company 
to develop a detailed* and transportable model of the project. We were to 
use the grant money to^ encourage others to begin ComputerTowns in their 
own communities and to' develop ah implementation package to assist with 
that process. * ( 
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< Prom the beginning, Canput^qwn consisted of three elements: an 
idea, things we did within our local coimuhity, and a set of locations or - 
sites where GOTiputert'own 1 events and" activities took place. Ail three of 
these elements are addressed in the introductory sections of the project's 
inpiemehtatidn package. Here are a few -excerpts from that material answering 
the ibst frequently asked questions abpijt GonpiterTown. The inplepentatio^ 
package will be available for public dissemination late in 1982. Ihe title 
of the package is Comp^erTown: A Dor It -Yourself Cotmtunity Computer Project , 
authored by L. Loop, J. Anton; and R. zamora. ^ 



What is a Qxi^uterTowh? 



\ 



A CcngputerTowri is any public access computer literacy project. It is 
a group of individuals, adults and children, helping each other become 
informed citizens of toady's information society. 

A CornputerTown^^goal is to offer ah informal educational opportunity 
for everyone in the dcranunity to become • 'computer "literate/" 

Who Benefits From a CoraputerTown? 

Anyone who would not otherwise have access to a computer or computer 
know-how benefits from a GcmputerTown. 



Children meeting microcomputers for the first time encounter a new 
tool for solvihg problems and expressing creativity. When a disadvantaged 
child discovers that he can program a computer, he is suddenly open to a 
whole new spectrum of educational and vocational possibilities, teenagers, 
many of whom are already conputer literate, learn social and teaching 
skills. A ComputerTown provides a significant learning. experience which 
broadens and supplements what a child learns in school. This knowledge is 
often passed oh from child to parent. 

Initial adult users with little experience often exhibit anxiety and 
discomfort when they first encounter the technology. An introductory sat 
of workshops, courses, and hands-on experiences address -these peoples '^fc 
questions and concerns. The wolds 'tomputer Comfort" categorize this sta^e 
of the user's investigations. The user looks for some way to relate to the 
technology, some way to get comfortable with it, and ComputerTown shows " 
them how. ? 

Once a sense of comfort is established, the user and his interactions 
with ComputerTown progress through a stage labeled ^Computer Awareness." 
The focus at this and the previous level is not on "proficiency" (that is, 
on "reading and writing*' in the traditional sense) but on "familiarity'/ 
with the technology^ K^ledge at the experiential level, gained by haijds- 
on activities, takes precedence over •'hard" learning objectives, such as 
being able to program. 

Once users are comfortable with the technology arid aware of the 
computer's capabilities, they are offered preliminary courses. and workshops 
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in ^'Computer Tddi Use.'* Some of these activities might -include learning 
x to "progiranr.the computer, experimenting with various coiiputer languages i§ 
or\adapting software 'packages for use within the home or small business; 



~ WRaT~Does,a Cc^t2T0TTtownrBp? : — — ~ : - : _ 

* Each local ComputerTown determines its own activities. In its first 
0 two years, the fomputerTown in Menlo Park, CA has run many classes, work- 
shops; playdays, special interest study groups,' and lectures. Computers 
have traveled to the pizza parlor, the senior center, economically dis- 
advantaged sectors of the conmunity, and special education schools. Gom- . 
puterTow, Menlo Park has also provided continuous public access to micro- 
computers at the. public library, and its "computer validation H experiment 
certifies adults and kids in the rudiments of microcomputer operations. 
Still more projects are in the idea stages at Menlo Park: Tent-a-computer 
(to use at home), rent-a-cpnpiterkid (to teach you how), tours of computing 
facilities, neighbor^ xxi coinputer clubs, show and tell meetings ^ video 
games contests , programmable vehicle rodeos , and a mentor program to find 
computer professionals who will work with those whose grasp of computers 
becdmes advanced. ' 

There are no specific requirements for ComputerTown activities, they 
grow and develop according to coranunity need and interest* 

Where is a Typical CdnputerTown Located? __ . 

A v ComputerTown can be most anywhere i It is an info^atj learning 
- * environment , with all the variation that entails. 

In one conmunity, fonq^erTowri may be a common interest shared by 
indepeiiderit people and groins who decide to make computers available for 
public use. Another ComputerTown could be a formal organization which 
has officers , a well-defined program of activities , a place of business 
\ and equipment. Some CpmputerTowns are located at libraries, recreation 

* x -centeirs , or other public facilities . Others may promote computer literacy 

v \ with the support of private groups , computer stores , computer hobbyist 

1 clubs, or schools and colleges. ^ 

Someone sets up a computer where people can learn through hands-on 
v experience , ?nd suddenly you have a ConputerTown. 

a Are There Any ConqniterTowns Yet? 

Quite a few exist already, aral the list continues to grow. Computer- 
Town, Menlo Park, located ui the public library, lias been prompting computer 
literacy since 1979. There< are now over 50 ConprterTpwn sites throughoj^^ 
the U.S., and over 30 sites in the United Kingdom. By the end of 1982, 
the project expects to have at least 100 designated affiliate sites within - 
the U.S. alone. 
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Why Do We Need GoniputerTowns? » i ' . * 

• • 1 

Dave Tebbutt,. who helped develop the British Computer-Town network 
called ComputerTown, UK, puts it this way: ' nerworjK, 

~™,il^" e S ? 14(16 acceptance 311(1 familiarity with .computers ambngj'the 
.pulation at lar ? GomputerTdwn provides a caipletky^on-threatiALg 
_ and An, way of pringinrthis aboutl^In- the future •; cL children wili be 
I^^w W ?Sn th -^ We ^'teven-envisionat the j^nt, T.SSuter 
is, providing, them with an intellectual tool that they' can drive- and control 
to achieve mental feats which" we WDuld.pn>bably--cans WabsSd^S^-^ - --- 
knew what sthey- were likely to be I. Cur approach to CcUuterTowi/is intended 
to create an environment in which this can happen "1 \ intended - , 

\ • . ,:• " - 

Summary „ I | . 

. , \ ' ■ '-'.In • • ; 

the J^ c a TihS« Wl I h C °? pUte ^ wn? , ™ e local ^ Park sites include ' 
»X T 3 S6ni ^ citizen's ^ter^ a neighborhood youth club, < 

and^a children's museum. The project's local Teacher Corps is condWting 
co£u??i£ "5£*& ^ rksho P s duri ?§ th ^ sunner season, % Cc^mpu^To^ • 

^ I P" 1 " 55 ^ a n* 1 *** of Projects within the publii and 

private sectors. Several large coimrunity events are being schedulfd for the 
J 1 ?£ J! mte l' ^ludiiig 3 Learning Conference and a couple of "Computer- : - 

2S S ''? ' meet ^ g " ^ be °P en t0 ^ l,000 4 cd^t7resldents, 
providing them a forum to ask questions and learn about microcomputers. . 

-— -prai^^ continues to b'OuMlsheT^^ 

months and,. based on our membership drive, could- be expanded in both size 
SStSS! 8 ^; f book serie s has been negotiated with a major 

??ei^ * 1 ^ begl 2 ner s micr °cpmputer books forming the body of the pub, 
^ ^wi er i al u*- ^ P^/^'s implementation package will be one of the 
±irs.t books to be completed. • - ♦ . */ ■ - 

•Don'^SrS *}£ fe ? tuTed ™ a? jWting. PBS video documentary called 
-^° n i^rf ^ 1 m J^ming: ^ 2 -" Several staff members are involved 
in a TV pilot program for cable broadcast. / ^uxv.w 

i 

In addition, the project staff will be monitoring the progress of 
several test sites in- the Western U.S. , and evaluating potential Sites on 
the East coast. Under the NSF grant, a. set of "official" sites are being 
followed as they begin to use the implementation package to> create their own 

versions of the ComputerTown project. The key site in the West.-is-the- 

Community Resource Center at Wenatchee Valley College, Wenatchee, WA. 

■ . ^1 o£th e activities listed -above-.are -based ^Mertlo- Paric. Across 
the country and around the world, the dozens of ComputerTown affiliates are ' 

SIS 8 ! }? "' 0Wn Pr o jf ct s, consistent with the needs of the communities 
and their # ,locally. available resources ,. Each ComputerTown site is unique: 
each creates its, own expression of providing its community with access to 
tedmoloar. Each site develops and grows because a small number of dmnunity- 
based, dedicated people decide they want a ComputerTown 1 in their area. 



• ComputetTown has evolved from an idea being tried in a. small California 
community^ to an international* grassroots, volunteer project of impresMve ' 
scope. CaqputerTown, the storefront learning centers, and the museum Jmd 
theme park experiments represent new models for providing the public with 
information about and access to technology:. They are part of the future , 
happening right now, in your, neighborhoods. 

* * .* *- * ********* * * * * *~ * *' * "***** * ■ *< ***** / 

" - * • " / 

- ' ' / 

Coo^ertcwn, USA! - A computer literacy project of People's Computer 
Conpany, a non-profit educational Corporation, P.O. Box E, Menlo Pari?* CA 
94025. This material is based upon work supported by the National Scfr.xe 
Foundation under Grant; No* SED$015964i Any opinions ,~ filings j : and con- 
clusibns^or recdnroehdations' expressed in this publication are thbse o| the 
authors- and; do not necessarily reflect the views of the National Science 
foundation.' ^ ^ 
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COMPUTER-ASSISTED LEARNING.: A LEARNER -DRIVEN MODEL 



* a | 

tU 'Karen Billings 

Teachers Callege 
Columbia University 
' \ Niw York, New York 

, i \ ' ■ '[ ' \ I 

j-I-n this past year, educators in every school district in thi 
country either accidentally or purposely had to think -about computer 
use. At one time or another, they probably ended up in at least! . 
one or more of the following! situations: I 

| " ' I 

♦-Hearing their students tajik about the "best" microcomputer or 
the most challenging videjo game. / ! 

* Reading cover stories about computer use in Time, Newsweek or 
their ovn'^ro jTessranal journal. ! 



* Seeing hardware and sqftwfre advertisements in their local neU- 
.paper or a textbook publisher's catalog. - I 

* attending inservice sessions about computer use or conferences 
wd'th microcompu ter;^themes.. , r 

'*>Gftfhg to compute? stores t'o see what was available or to othet 
schools to observe teafcherja who were using computers. ! 

* Convincing their department heads, principals or PTA's to buyi 
( one or more microcomputers , for their school. 1 

. V . * i • • i 

Reading The Computing Teacher, Electronic Learning, or Classroom 
Computer News for software .reviews and teaching hints. 

* Reviewing, purchasing and cataloging , software , then showing it 
. to other teachers. i . . ° 

• ° • • • 

* Trying new teaching techniques with: computers, developing new 
com-puter literacy courses or writing computer curriculum guides. 

* Buying^ their own. microcomputers r learning how ' to program and 
.then writing or - revising software for their classes. 

\ • 

- \ 

^Many of these educators,. thoug\h exhausted at the^end of this 
past school year, are sti 11 excited about the changes they are slowly 
causing in their schools. „.The students have had a chance to interact 
w.ith computers, even if for a short period of time, and to try some 
oj the different modes of computer-assisted learning.,. 

These modes, of, computer-assisted learning can be portrayed in 
se.veral different computing environments. Picture a computer 



resource room with TJ5 mic rp;compu ters or .computer tejrAlnals • Thexe 
is one student at each work* station, concentrating on drill and 
practice questions* that appear on the computer screen. Picture 
the classroom next door which has two microcomputers for the 50 
students* In this room mokt of the students, are working at their 
desks but sjaJEerj &l grou ps of students are huddled 4 around the two 
microcomputers , runnZng ,br de-bugging s-ome programs they have Written, 
A Tialf hour later, some of the groups switch places so that more of the 
students get a turn at the - computer, ) • ' 



There is nothing "better" about either of these two comp\^t-dtn^ 
environments. Each has different but worthwhile goals fo^p^today's 
schools* Each environment has activities with the potential to 
assist learners with what they need or want to know, 

, The difference in the two different environments is in the amount 
of control that the student has while at the computer. In other words, 
v is the compu t eir-*arc-t4rvity one that is hardware/software driven 6* is 
it learner driven?*, * • ^ , 

, What Are Some Learner-Driven Mpdels? „ 

Although computer activities rarely fit one model or the other, ~ 
we can give a general description of computer-assisted learning 
models that are learner-driven. Generally they enable the student to 
use a; computer as an object for thinking,, problem solving or expressing 
ideas?. The computer is not* just a vehicle tfor delivering instruction 
but instead, a tool for exploration. Students use the computer for 
assistance in building something, which can be a program they vant to 
write, world ,they want to simulate or a term paper they want to word 
process. What follows are some examples, of computing activities that 
illustrate the'qonaept of learner-driven. 

' * * ■ 

Programming , , , * - 

Programming a computer is ^probably the most learner-driven, 
of all computing; activities. As the learner writes step- by-step 
instructions for the computer to follow he'or she is in v complete 
control of the machine. 

A student can ask the computer ^to print a name oh the screen 
10 times, to generate random numbers, to play music or to make a 
line drawing. When th e c o mpu t e-r jaj^tira 1 ly does what the student 
Wanted it to dcL,. It 1 s an exciting and- ^e;warding experience. The 
process is somewhat like -building a infodel rodket and seeing it 
launch successfully. \ 

i 

Programming has been offered for many years as an elective 
course in .the high school or *as ^part of a mathematics course * 
that incorporates "computing. However , as hardware accessibil i ty . 
grows , there is a trend to provide more programming experiences 
to students alt both elementary and secondary levels. The goal 
of these programming experiences in schools in not so much to 
train students to become programmers, but Instead to teach them 
to communicate with a computer. Programming teachers can assume^ 



that their students will use programming tools to solve problems 
later on, just as j mathematics teachers now assume that most of 
t-heajr students will not bec.om,* math4matlcians-but. [instead use 
their mathematical skills as Ko-.<rW to solve problems. 

* The process d£ programming Avea the student i new way to 
thinkand express' ideas. It .cVn also- be hard wbrf that requires 
sustaanesa effort/ and an; ability to withstand' a grlat deal of 
frustration, jftt somehow thai; effort seems worthfit to the 
students. Their programs become intellectual /products that they 
can share wijft their classmates and friends.- Students gifted in 
sports or music have visible., respected product's jin basketball 
shots or instrumental solo performances.! The logical thinking 
student now has a product that his or her peers value". Whether 
stude-nts. 6rea.te an- ar/ad e- like game or a practici exercise in- 
French, the students/are creating interesting and profitable 
products-. — 



Students [who/program experience a situation iha.t focuses much 
more on the liroc'ess than on the actual result., they spend more 
time de-bugging 7 and enhancing the program than they ever did * 
writing the original code. But a program that doesn't run the 



way they wary* it to is not a case of tUing wrong 
view fixing/ljhe program as. a puzzle to solve.. 

1. 



they instead 



Although BASIC is still the most common computer language 
in the /chools, newer languages, such as Logo and Pascal are 
becoming available to students. The recent interest ift Logo, 
especially at the elementary grade level, gives us' some indication 
of the kind of computing environments that will become more common 
in/the fut^eL Logo was developed over a ten-year period/under 
the direction^ Seymour Papert in the Artificial Intelligence 
Laboratory at MIT.. This language- allows the learner to teach the 
/computer 'to do new -things by creating procedures, for each of the ' , 
£J**5s-°? * h * * ask ' st || de nts use common expressions -like "forward"/ 

back and right turn" to direct -a robot .turtle around on the / 
Screen to create exciting graphic designs. To get the turtle^to 
carry out certain tasks, some children may "play .turtle" and' step 
through the process to figure. out the needed commands.' Using 

turtle geometry" on a computer gives an immediate and' concrete 
output on the screen and thus concretizes the probess of programming. 

-. \ ' • 

Teaching the computer to do- .a task forces the student to 
describe the task in a clear, concise way. HoWeve>, these task 
descriptions can be glyen in very individualistic and personal 
.ways by the student. The computing activity that allows a student 
to structure information in a systematic way and to creatively 
combine the different pieces of information is indexed a learner- 
driven activity. \ 

Word Processing I 

The -computer can )Se as much a writing tool- as itlcan b'e a ' 
calculating tool. In fact, more a-nd more students are .discovering 
the tools m word processing ahd using them /to write their stories 
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bo pic reports or term papers . 



With the help; of a text editing program, students can elite'r in 
words, sentences and paragraphs, revise them., store them and retrieve 
them as needed., They must decide what words to put on the screen and 
how much to say^^The computer doesn't do the writing for them. It 
.simply saves^Jt^em from retyping sotoe of the words, sentences or pages 
during t harems ion stages. 

Researchers such as Daiute have found that after students have 
become familiar with the keyboard, they find writing on the computer 
easier that writing by hand and that they do more of it. They also 
make more changes in their tex x t and learn to make more meaningful 
types of revisions. . - 1 

As the quantity and quaiity of the word processing software > 
grows, it will become easier and easier do enter text into a compute/r 
and to revise, it. The writing task., which may be painful and lonely* 
may be thought of differently when the task can be done much more ; / 
efficiently. The computer as a .flexible note pad during- the compo- / 
-sitipn stage ejnab.les the student's research notes, free-writing and / 
.outlines to-be* expanded into drafts,, then revised for the final t,ejxrfc'* 

\ ■ 1 T 

Ther e are 'also programs that s erve, as tools for revision. 
Automatic text ai^a\lysis software searches for specif ic words or 
patterns in the ait tident ' s draft ;. for example, it mky count and : * 
average the numbe^ \f words per sentence for the student who later 
uses the information t^jlecide whether or not the sentences ar3 too 
long.~> Error identification programs mark spelling and sometimes 
punctuation errors in a draft. For example, the computer compares 
ea.Ah„ OJF t>e words in the di?aft to a list af words, sto.rje.d as a dic- 
tionary in the computer. The computer doesn't tell the student that 
the word "organisation" is spelled wrong. It simply highlights it 
and relies on the s;tudfent to accept it as spelled or to change it 
to its cdrrect spelling. 

So although the learner will have more and more tools available 
in the future a nd may be able to create a written product more 
efficiently the decision about what to say, and how to say it, still 
.rests with the learner. 

Using Message Systems < j . 

Our postal and telephone systems aire usually convenient models 
for communicating with other pe'ople. Tfew microcomputer owners 
do not just use their machines to write programs, word process, 
do practice exercises or 'play video games. They quickly discover 
how to get their hardware to communicate with other microcomputers 
or to a much larger, central computer system. And so the computer, 
with the help of phone lines, a modem and software, becomes another 
communication tool for students. 



The communication links availably to students presently take 
on .one of these two forms: - % 

l) a direct link from computer to computer as in a TALK or 



CHAT mode. Whatever the first student types into the 
computer not only shows oh his or Her screed or paper, but 
it is also displayed on the second student's computer at the 
same time. JPhe first student may ask a question and the 
second student „may respond. This electronic conversation 
is, somewhat like- the telephone system but instead -of v^oice 
transmission, it is text -that is seht\ back 'and forth ever 
the wires i « , 

2) a mail system that allows a 'student to aend mail to another/ 
student via a central computer or phone lines. The letter / 
is typed by one student and sent electronically -to the othe/r 
When this student next works at the computer,," he or she is / 
told that there is a message waiting to be read. 

Imagine aN^iass, in one state having computer pen .pals in / 
another state. \Electronic message systems can help those students 
explore other geographic Vegions.- Besides sharing information 7 
about each other, they can share computer* programs that they have 
written. This cooperative' sharing of information is indeed closer 
to whavt many peopie consider an important process in education./ 

r \ - ' ' ' 

\ ■ • / • 

The sound and graphics capabilities of the microcomputer' / 
make it a useful tool for artistic production. ' Peripherals,, < 
such, as electronic keyboards and Speakers, aiong with the 
appropriate software,* enable a student to create new musical / 
sounds or recreate the traditional sounds of the or^an r piano 
ot .ahy^her instrument. " j 

The pitch, tone and volume of a musical .note can be* numer- 
ically represented by data, that can be stored in a computers " 
Through a program they have written or with special software,, 
students *.can access and change these , numbers . When they ask 
the computer to play the revised sequence, they can hear their 
newly created sounds. 

/ 

Peripherals such as graphics tablets allow students to draw 
a picture oh the flat drawing board ,with a pen. This pidture 
also shows up on the display screen of the microcomputer/ After 
the picture has been, drawn or traced onto the board, the/ components 
of the picture, such as the lines, shading or color, can then 
be revised, saved or late,r transferred to paper. 

Students can also create animation effects by moving graphics 
characters around on the screen. Using the keyboard as input, the 
students can create line drawings or specially formed characters 
by writing a program or using software designed. to do that. Once 
these images are created, they can be controlled by tjie appropriate 
commands from the learner.. 

The computer makes-no judgements about the quality of the 
artistic irork that the student ^produces,. It simply enables the 
student to create the new sounds or shapes and serves as the 
medium for that exploration and product. 
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Manipulating Da.ta Bases, 



Students can use the computer. as a tool to create their own 
"data bases' 1 or to access the larger datai lyases created by others* 
Xri the 'first instance, *ahildren can gradually store their hew 
words in a c omputer "file for later use* These words can become 
a thesaurus or dictionary for the learner, depending on how he 
or she decides to organize and, use it. A class could also 
develop a file of definitions, examples, descriptions, or stories. 
This collective data base can be used by any of the students as 
material for a report or other writing project* 

There are more sophisticated computer systems where larger 
amounts of data, such ag the contents of journals or newspapers, 
are stored. S'tud^rits ,-vnb *if»£nt to do research, on a specific topic*, 
can use their computer to ? link into one. of these computer systems 
arid run a search of these data bases. They may have to give several 
descriptors for the topic, reque/St cfertaih sources and specific 
time frames for the search before they get a listing of all the 
T.el'e.v-a nt-.arti-cl.es. — 

//■"*- * 
Again, the learner-driven model is exemplified because 
the student is deciding on the topic to explore, the places to 
search for information, and how much of the retrieved information 
to. actually incorporate injo a report.. In this case the computer 
helps the learner see that writing is a process of discovery, of 
researching, and combining information into a meaningful whole 
product. / 

Using Simulations *" 

- / \ 

/ 

Computer simulations allow the ^earner to experience environ- 
ments that are otherwise too expensive, complex, remote or danger- 
ous to experience %h reality. Simulations give students/ a chance 
to explore or create situations where they can discover /the 
relationship amon£ the different variables and the extent to whicjbu 
these variables Effect the final result.' /_--— — * — " 

1 There is a / / popular simulation called "Oregon £rail", also called 
"Trail West" and a number of o:ther titles. The fif'tudent who uses 
this . simulation tries, with the assistance of a wagon and horses, 
to make a tr^xp wes'T across the United States as /in the pioneer days. 
Tjie student makes decisions about the amount oij money to be spent 
on various /items., and basically tries to stay jStlrve during the 
course of /the travel. In experimenting w i t h dif f e r e n t amounts o f 
money, the student soon sees relationships^ between .the amounts of 
money sjx^nt on food and the possibility of starving or between the 
•ability/ to hunt and the amount of money neec/ed for food. 

Students become actively involved in the process because their 
decisions are producing immediate and viable results. If they 
are /told in the end of the "'Oregon Triail" tha/t they have starved 
to /death before arriving in Oregon because ther'e ^wasn 1 t enough 
fo/od, most students will want to try again and see if they can't" 



make their destination alive* 



When students jajctuariy control the process, whether it be a 
trip to Oregon, ^ a chemistry experiment or pollution of a lake, 
they May understand the process better. The ability to speed, up, 
the process may allow for more examples and assist the lea^rne* \ 
in* forming generalizations. Slowing down a process nray enable N 
the learner to understand a specific instance of the process. 
Some things in real life happen too quickly for t)ie student to 
be. able to. see the process. Simulations provide the students 
with opportunity to see. 



laying Computer Games 

There are many strategy games that enable students to use 
problem solving techniques, or their logical thinking skills. 
Students may opt to play games "like "Mastermind " or "Bagels", ■ 
either competing against the computer or a classmate. 

? While computer games may range from those that teach tradi T 
tional content to those that are for pure en tertainment , there 
are aspects of the papular ones that majce them exciting to learners. 
Malone's study of the intrinsic motivation of computer games helps 
us delineate what those intriguing characteristic's. ar x e for students. 
He found that there needs to be ]) a challenging but personally 
meaningful goal. 2) a fantasy environment where players use their 
skills to get involved in a real life ( baseball ) game or not so 
real life (space war) process and J ) and a curiosity about an 
environment where the players can do increasingly complex but 
possible tasks. 

Adventure games can. be. intriguing for leatners-s They can 
imagine that they are exploring an enchanted land or uncovering 
the secrets of an ancient civiliza tion . In adventure games, the 
student encounters a number of decision points. 'At each of these \ 
points the computer indicates to the "'s tud ent where he or she is 
located, the visible items, and the directions in which he or she 
can move. The student responds with something like a two-word 
sentence, which is ty.piaa.lly an action verb followed by a noun or 
direction such as N<\rth or South. r Xs" "the student carries on a 
conversation with the computer, he or she moves around in the 
environment exploring th\e setting. In order to do that, the 
student may draw physical or mental maps of the environment, or 
enlist the cooperation of classmates who are also playing the 
same game. - 



How Are Learner-Driven Models Developed? 

^The learner-driven mode/Is just described are taking place\in 
many schools because several" groups o.f people have assisted in 
making it happen. First, someone developed the idea for a sim- 
ulation, adventure game , communication system or a new language.. 
Then others wrote code and documentation to get the language or 
software into a "format suitable for users. After the ideas or 
the actual software was produced, educators- figured oqi a w£y 
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to make use of them in their classroom* 
Implementers 

The educators must be the" implementers of the learner-driven . 
'models. They have to actually help* create the computing envir- 
onment -that they wan^t- r - bo-th- -phiLpso.phdcaily- and physic aLlyu They 
, need to select the appropriate hardware, languag.es and software. 
Then they need , to develop or seiect the computing ac tivi ties for 
the learners, factoring in their own instructional styles, their 
students* learning needs., the capacities of the computing equipment, 
as well as funding and time restrictions. 

* ' - » * 

Problems Involved 

Educa*<vrs need assistance in building learner-driven models, as 
well as developing other' computing environments. There has been a 
lack: 0/ available resources for teachers 5 to use/ Only > very few 
schools of education in the country have created well-designed 
programs that prepare teachers tc effectively use computers. \ 
Teachers also need print resources and examples of interesting \ 
worthwhile problems for students to solve- And so they go to 
conferences, read computing and education magazines and share 
ideas with each other,. 

What Are the Some Effects of Using Learner-Driven Models? - 

N Even if we wanted to,' it would- be -difficult to quantitatively 
measure the effects of learner-driven models. Although people in 
education argue more process-orien ted. .activities in schools, we, need 
to ^ccept th^se activities as opportunities for students and be less 
concerned with the traditional nfeasures for success. 
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Teachers and researchers have seen some interesting changes in 
th ; e schools as a result of the hew computing environments. Teachers 
are assuming new rQl.es in relationship to each other and to their 
students. Those willing to use computers in their classroom ,are 
being called "teacher technologist M . Those, willing to share infor- 
mation and ideas about computer use become computer resource teachers 
For most teachers, it means moving from a comfortable ins tine tive 
mode of operating to a new unfamiliar mode ' of teaching^ 

Students who use and learn about computers in their classes ask 
more questions than in the traditional classroom. Teachers who ere 
used to having students respond to their questions are now faced 
*ith not only more questions from students but more challenging* ones . 
Student experts are emerging in the educational environments. When 
they can't get their questions answere^i by the teacher or the compute 
they ask their classmates, then computer store personnel. 

Conclusion 

The. new computing environments are exciting and challenging for. 
developers, publishers, teachers and the studens. But for educators 
to make insightful Mae of computers, we need to understand the extent 



to whirch learners can have ri^h and rewarding experiences with them* 
The computer that permits the kearner to problem solve on a very personal' 
level'wili be the taol for whickwe will only find mc^r.e and more uses* 

Jew students exercise any d'egxtee of control over films, b v ooks,, „ 
workbooks,^ television programs 'or cither instructional aids 43iat they 
use in school. For some students, Veading a book or wat^hi^ng^'a film 
may be as active an involvement as ubing a computer program. .Those ' 
with the opportunity to write books oV produce films may find those 
processes more exciting than computerAprogramming. But there are 
very few students who will ever have the opportunity to usg" the 
equipment nec^3sary to, create books and films. These sVme st\tden,ts 
will however, have the opportunity to. use acomputer as a toolXto 
build something, whether it is-,a— program they want-to write, a", world 
they want to simulate, or "a term paper that they want to word process/ 

The educational computing environments will be even more exciting 
and rewarding if our students can take real advantage of the full 
range of computing experiences. When these experiences ari very active 
ones, where students are in control of the computers, we will make the 
best use of both the potential of the machines and the potential of the 
learners. Educators are the ones who must juake computing environments 
with these' \l earner- driven activities happen as as soon as possible. . 
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Introduction 

Computer-based technologies are powerful and their use Is 
1ncreaslngj7„j#.1despr«d7 Long distance telephone calls are 
routed with computerized switches. Airline reservations are 
recorded on centralized data systems which allow flexible 
changes of flight plans mid-trip. The bills and checks we re- 
ceive from businesses and government agencies are frequently 
generated by computers, as are dunning notices, personalized 
f on* letters, and mass mail ings, these are only a few of many 
possible examples; the use of computers has become pervasive 
and as much a common part of our lives as automobiles, tele- 
phones, typewriters, televisions, radios, airplanes, and plas- 
tics. > ; ' V 

It Is generally recognized that as people have adopted 
technological Innovations such as automobiles or electricity 
they have significantly changed the ways they spend their time, 
the people with whom they frequently Interact, and other Important 
aspects of their social worlds. Unfortunately, developers and 
promoters of new computing modalities have tended to characterize 
computing applications as Intellectual tools rather than Instru- 
ments of purposive social action (for example, Pappert, 1979. 
1980). They have also* tended to focus on relatively easily 
specified technical attributes and {anticipated tests and benefits 
rather than organizational settings^. As a result* social Impacts 
of new computer-based technologies are frequently overlooked and 
often poorly understood. - 

Developing an understanding of the impacts that computers 
have on our lives, and what choices we have In using them, Is 
Important to all of us-but particularly Important to educators. 
Each of us interacts with computers dn a routine basis 1n our 
personal lives. Professionally, educators are also finding 
computers playing Increasingly. Important roles In the admini- 
stration of their classes, 1n their own continuing education 
efforts, and 1n their curricula. To the extent they are able 
to identify the Impacts of various computer applications, they 
can better understand how to turn computer use to serve their 
Interests and their *udentsi Perhaps more Important, to the 
extent they are able to communicate an understanding of the 
broader Implications of computing to students, they will be 
helping to develop a public who will themselves make better 
Informed choices about their engagements with computing. 

Computing 1s, of course, not a simple, well contained tech- 
nology-It 1s a technically and socially complex medium which 
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has been adapted to such a wide array of uses that sharp aeneral 
^"WM^' tm* this paper does ? hot SI' 



jffjffl a definitive L^lFm^+ri^Sui£ 
JilLTJll'Jffil? VIJ^ 0 "?!!*!? •PPUcatloni, or all organliaL 



"?"?f" il1z1n 9 computing, and suggests some alternative, more 
socially cognizant perspectives/ These perspectives/ are then 
^IrVfSfT I e> ? e $«JP ut1 "9 developments With which most of 
tLS^JttSiS:* I \J o1n 9 so » r "ope to demonstraie the Impor- 
tance of broadening the- scope of organizational and societal 

are exlmlnSd 1mP - S ° f c "»P ute ^e<i applications 



Personal Knowledge cf Computing, 

*< M 5 !? r ffr ?' fJ ep » let ' s e x«"1ne how we know about compu- 
ting developments through our own Interactions. All of us 
Interact with computer-based technologies in our dally lives 
Irr our encounters with computerized billing systems, air Ine* 
reservations, and the IRS. If we partlclpaVlnTcomput Z 
world, we may a so use computerized systems to analyze data! 

lr£r»L P> X 9mSt or ev * n just ha< * in Writing 

CJKT^iiEj? the l e P*" 0 "*! encounters, amplified by a hap- 
"!S32.i!ll^ 2 I news . st ? r1 r and gossip, we form concrete 
Impresslons^of what computerized systems are good for, how they 
work, when they foul up, and what Interests they serve. 

Although most of us Interact with computers frequently 
fe^of us can claim direct experience with and knowledge of the 

Hii!??! 4 ! 1 ?*?' f 0, "P ut1n 9 adapted to so mariy different social 
worlds that Intimate knowledge of the complete "world of im- 
puting" is simply 1mposs1bl«%ven,for c2Jufe? e^rts! 

Consider a technologist who specializes In electronic mall 

mSSFSE! of ! cVer4 L t ? Chno1 Q9tes ** 1ch comprise offfce Juto- 
jatlon technologies. He nas accumulated very detailed 1nf<toma. 

Sli.S ™??V -,1eh do ? t # 4nd " hkh Acuities make it easytT 
? e1 £! ?f!l fF0 ? P 60016 you - d on't know so that you aren't over- 
; fl d «^ h ?? 11V * knows about the costs fo/prepaMng. End- 
ing, and saving messages on various electronic mall systems 
Developing this expertise takes attention and time WhlfTiie 
ff-a specialist In electronic mall, he Is almostTlavman in 
understanding other computer-based 'techno! og?£ slch a?Irban 

wnTI* 1 ^!?? 516 " 8 ^"J- et 41 - 1982). artlflcal intel- 
ligence, military command- and control -systems, or EFT (Kling 



verse. 



The many modes of computing in current,Tise are-e«tremeli>d^-" 
„-^ J ; [^ermore, many computing technologies are notlnerely 
filw^k 1 !. 0 ^ ha r dlw r? » nd "ftware and placed In ioclil * 
2 IS^iX* Jl S ° I h f/P cus of s w1al movements-people 
and organizations that believe the modality of computing Is 
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-worthwhile, and who promote its development and use. These 
computer-based social movements Include: 

1. Computer Assisted instruction 

2. Personal Computing. 

3. Office Automation ("office of the future" Including 
electronic mall and teleconferencing); 

; ' 4, Urban Information Systems 

* 

> 5. Medical Information Systems 
% "6.~ S1mulation/Gam1ng, : v , 

7. Material Requirements Planning 

8. Electronic Funds Transfer (EFT) Systems 

9. Artificial Intelligence 

These computer-based, social movements hardly exhaust the 
different modes which are being developed and Implemented today. 
There 1s no "automated payroll movement," but thousands of 
organizations have automated their payroll preparation. Other 
mojlejL-OJLcQmputftr-jisfc^such .*s-i^l**-*t**i«^4l-anriy9es^ - 
, the social sciences or numerical analysis 1n the physical 
sjcipes, are simply part of larger scientific movements which 
e^as-T?tHjuantif1catji)n„of some research strategy which Is 
dependent upon computing when the number of samples- and vari- 
ables become large. Even the simplest labels, such as "personal 
computing" or "medical- Information.. systems," allude to whole 
families of computer applications. Each of these families in 
turn, may have many specialized variants In use in many differ- 
ent organizations Or social settings. 

Storylines 

One way to make sense of this bewildering array of compu- 
terized technologies 1s to adopt a simple "storyline" about 

computing, which renders order to this chaos. Three common 
storylines are: 

1. The cavalcade of progress. "Computers enable people 
to communicate and compute in ways .heretofore Impossible. HThev 
r C r ea fL pe ? )pl ? , f *™c*ency, while reducing the cbsts associ- 
ated with people's executlori of particular tasks" (see, for 
example, Evjms, 1979).^ , 



/ — 



2. 'Technology 1s dehumanizing and out -of -control * 
"Computerized applications foster the depersonalization of> 
services, bring with them new problems, and Inefficiencies, and 
are exploited by managers to control , deski 11, or eliminate 
workers' jobs"- (see for example, Bravermari, 1976). 

3. - Techno! ogy "is neutral : Technologies do not have a 
politics; they can be used for jood or 1.1:1-. If the "interes-r 
ting" versions are' used "properly," then they can enhance the 
quality of llfejhi^the societies that use them/ Much depends 
upon what society "decides"* tp do with new-technologies. - 

These simplified storylines underlie many accounts, of com- 
puting. f They help si mpllfy the buzzing confusion., Whether we 
favor one or anbther of these storylines, they all are simple, 
to cpmprehend.\ _T|iey are; also cbntext-free--they can be applied 
to almost any computerized (or other) technology. Even if you. 
don't understand how computers work, you can make sense of 
these themes., Eac.h may carry a grain of truth, but the truth 
of each is nelther^pfieven'nor dlspr o vq n b y the examples usually 
proffered. . Each-sto,r?yl1ne carries moral weight with an Implicit 
value stance about what 1s good or bad for people. (Kling, 
1978). - " . - ; 

• . • I 

The primary ^virtue of such storylines 1s cognitive simpli- 
city^ none of us has the time to study each computer application 
we eh'cpunt6r ; :, in order to evaluate Its merits and dilemmas. 

These storylines implicitly make two assumptions: 
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- computerized agplicatlons are Independent forces which 
" in an. organization, arid then Tnu$t be reacted to; 



- computerized applications are value-free instruments with 
a*unifqrm set-of impacts wh'lch^an^be" Identified without refer- 
ence to the groups that use them, or the organizational settings 
in which they are used,. ^ 

Each of t'hese assumptions, we believe, Introduces some sig- 
nificant biases into many examinations of the impact of compu- 
terized applicat1orisr(kHng, i&Z). In the following sections, 
we examine some speci r f4t *storylinefS and these related assump- 
tions ;iri more detail . . - 

Computers as Causal Instruments 

The .word "computer" 1s often the subject of direct assertions 
about important social actions. We hear that "computers increase 
productivity," "computers dehumanize jobs, ,( ' "computers make learn-' 
frig exciting," "computers Improve decisionmaking," and that "com- 
puters are revolutionizing American sqclety." ./tbest, these are 
shorthand codings for extremely complex sets of events. Computers 
are. not active Independent forces, but are Instrumentalities which 
have consequences under special and rather complex conditions; 
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Consider the example of price scanners in supermarkets. 
In some cases,, the markets which adopt these computerized de- 
Vices lay offvclerksy But this is , not an abstract issue of 
computers versus jobs" or "computers eliminating jobs."' These 
compact descriptions ignore the role of powerful actors the 
supermarket. owners and managers. 

■' ,* - v . , ' , 

Storeowners hope to reduce costs by carefully replacing 
workers w tt> capital ^equipment. 'Scanners don !t- show up unex- 
pectedly in supermarkets like crabgrass invading a lawn. Scan- 
ners are expensive and purposely planted. If you are hit bv 
a car yo" + don't say "that's a case of technology versus people.' 
You want to know who ways in. the driver's seat. Statements 
Ik-to1 C h "? v °9y versus people" or "computers cut jobs" imply 
Jhat, there "-SHio^one in the driver's seat. I ■ 

™>i J h L d r^ 1 ° P I! ,en ! oT^TBarket scanners involves important 
social choices about the organization of work which are ob- 
scured by emphasizing "technology" and "jobs" and neglecting 
the possible, social choices. Supermarket owners can deploy 
scanners at the checkout. stands and have checkers use them with 

without abandoning item-pricing* The market owners claim 
that they must abandon item-pricing to save sufficient labor 
cpsts in order to make the scanners economically efficient, 
i-rtnat is the case they could introduce scanners and raise 
SM r C S $ k S ' or L Wa1t l/nt11 banners are cheaper. The arguments 
advanced by market owners are difficult to evaluate because 
good. data about the costs and pay off si of scanners are scarce. 

* 

This example- also Illustrates a common role played by com- 
puterized technologies as catalysts of social: conflict. Market 
owners are said to be seeking ways to. reduce costs. Possibly' 
computer systems- provide a useful means, and certiln pr.ice-mark- 
ing jobs, are probably eliminated. However, one byproduct of 
eliminating these jobs is to-reduce the job market for women ' 

X »Bli"J£f W ° rke K rS - ?t . al !° reduces tw ab11 ^y of 'consumers 
to audit their purchases at the xheckstand to- be , sure they are, 
not being overcharged. 

« *hI n ° S ^ h f a *! S ,\ U 1s faci1e t0 attribute the outcomes such 
as the- removal of item. pricing; to "computers." Computers are 
a, critical instrument which enables supermarket owners to con- 
sider the feaslbrmy of both removing Item prices and reducing 
their direct labor costs. But to neglect the role of the super- 
market owners or managers misleads. It leaves no ofir in the • 
dnyer's seat. " 

This example ajso Illustrates another critical aspect of 
computing. Most people don't simply interact with computers 
° r K C ^ P !l t ? r applications. We deal with computerized systems 
embedded In relaiively^ompl ex social order^ (Kllng, m'z). 
In the case of .supermarket scanners, a customer deals with the 

y^kffS JHSl*?^,^? S J° re * a data-base of' prices which 
is kept up-to-date by clerical staff, and policies for havingV 



cheeltfrs: rapidly scanning the goods which are managed by the 
floor supervisor who can keep track of the productivity of each 
checker. A person who 1s at the receiving end of any of the 
socially Important computer applicat ions—airline reservations, 
computer assisted instruction, long-distance dialing, the IRS 
tax auditing systems, police wants =and warrants systems— 1s 
inextricably embedded in the/ organizational world, which it 
supports,, pealing With computing entail sdea^irig with the 
organizational arrangements 'which surround the technology. 

Similarly, If computer applications are introduced to 
schools on a mass scale, they will be shaped by the organiza- 
tional Imperatives of public schooling. First they will be 
integrated Into curricula and become the subject of courses,, 
syllabi, and regular testing. , Second, their deployment will 
be bound up with the political economy of schooling in general 
arid; the internal^ economies of the individual schools. Students 
1n r/icher schools will fare better than poorer ones; those 
schools that can attract a cadre of talented and inspired teach- 
ers will offer their students more interesting and varied oppor- 
tunities thari schools where talent and Inspiration married to 
instructional computers w411 be rare.* In these ways computer- 
ization is no different than other Interesting, but specialized, 
complex and relatively expensive resources,** except that many 
people with Interesting ideas about how to use computers for. 
children Insist ^u4|e vehemently that computerized technologies 
have special \properHes as social resources (see especially, 
Pappert, 1980). 

Value ConfUctSxin EFT Developments*** 

We've seen that-computing developments cannot be assessed 
In isolation from" thVorganlzations that use them. Our example 
also suggested that. computers may. catalyze conflicts between 
different groups that a\e Impacted by their use. To examine 
the latter point 1n ; moreXdetaii , we|ir examine .another computer- 
ized technology with wh|e*K- most of~us are fam1lian--el.ectronic 
funds^trarisfer (EFT) systems^(Kling, 1978). . 

♦People with these talents are still uncommon, and have good * 
occupational opportunities 1ri private Industry. In the. riext 
decade, at least,, they will 'be difficult to attract to poorer 
or more troubled schools. y 

fhe costs of computing are largely 1 not those of the machinery, 
eyen thodrgh computers and terminals are\ relatively scarce 1n 
most schools. Software, operational support, and related cur- 
rlcular materials greatly Increase the overall costs of mounting 
a rich computejr-based curriculum* 

***This section and the next one draw upon more extensive analyse 
of EFT development which have been published in'Kling (1978)., 
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nn4ae E !L?ri en,s ; re composed of an array of different technol- 
ogies which transfer funds electronically between accounts. 
' They include networks for automatically clearing checks while 
debiting and crediting accounts, directly debiting and crediting 
individual bank accounts from point-of-sale (POS) terminals 1n 
retail stores, and providing cash On demand .24 hours a day^ 

EFT systems represent a> particularly rich source of illu- 
strations Qf value conflicts because they have now been in use 
for a significant period of time, because their adoption and 
promotion have Involved substantial commitments on the part of 
the financial Institutions that; use them, and because their 
diffusion has affected a broad cross-section of the public at 
large. Conflicting storylines about EFT systems are readily 
apparent in both popular and academic literature. 

J^.k ? extreme » some analysts identify emerging EFT systems 
with social progress. FOr example, Long claims that: 

"EFTS Is happening because it is a better way. All argu- 
ments about the sufficiency of the present paper system 
are meaningless. Television, dtd not come about because the 
»>rad1p system was .overloaded or was breaking/ down, nor did 
radio or the telephone develop because the mail was" about 
to collapse. Neither were these systems built because 
the public was crying for their development." They came 
about simply becaase they represented a 'better way' of 
communication" (Long, 1974). 

Such proponents of EFT systems point to their ability to 
reduce the cost Of paper processing, reduce petty Vheft, and 
support convenient add-on services such as automatic payroll 
deposits. They/sketch an ultimate scenario of a checkless and 
cashless society, in which Integrated EFT systems transfer money 
Instantaneously and efficiently. While Long f s comment was 
written i & yea^s ago, the storyline Is, common. 

nn i n ^A l he Q - her ex , treme » many, analysts and policy makers have 7 
pointed to major and unresolved social and technical problems 
associated with EFT developments. Maintaining, consumer sover- 
eignty in markets within which EFT services are provided, the 
development of reliable systems, and the protection of Indivi- 
dual privacy have been among the focal issues engendering con- 
troversy and debate (Budnltz, 1979; Rule, 1980),. In fact, the 
diffusion of EFT applications has not yet delivered anticipated 
benefits fully 1n many Instances; and, while EFT systems are 
widespread, they are for the most part operated without large 
scale integration. a 

... • The. importance of these' Issues, and the sense one makes of 
them, is inextricably linked to the value orientation of the 
analyst (K ing, 1978). At this point, the field Jias matured 
sufficiently that at least five distinct value orientations 
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each resting on Its* own assumptions about what soda! goods 
Should be maximized, can be identified: 

1. Private Enterprise /Model ; The preeminent considera- 
tion is profitability of the EFT systems with the 
highest social good being the profitability of the 

_ f1 rms providingnor utilizing the systems ; "Other social 
goods such as consumers* privacy or the heed of the 
government for dati are secondary. 

2. Statist Model : The i strength and efficiency of . govern- 
ment institutions 1s the highest goal . Government 
needs for access to personal data on citizens, and heeds 
for mechanisms to enforce obligations to the state 
would always prevail over other considerations. 

3. .Libertarian Model : The civil liberties as specified 
by tne U.S. Bill of Rights are to be maximized 1n any 
social choice. Other social purposes such as profita- 
bility or welfare of the state would be sacrificed 
should they conflict with the* prerogatives of the 
Individual . - " ' * . 

4. Neo-populist Model : The practices of public agencies 
,,. and private enterprises Should be easily intell iglble 

to ordinary citizens and be responsive-to their needs. 
Societal institutions should emphasize serving the 
"ordinary person." 

5. Systems Model : The main goal 1s that EFT systems be 
technically well organized, efficient, reliable, and 
esthetlcally pleasing. 

In different Instances, policies and developments may sup- . 
port, conflict with, or be Independent of these models. Each 
of them, except the Systems model, has a "large number of sup- 
porters and a long tradition of support within this country. 
Thus EFT developments which are congruent with any of these' 
positions might be argued to be 1n "the public Interest." 

t 

Perceptions <of benefits and problems depend upon one's 
values and commitments. To illustrate this point, weMI examine 
some of the meanings and conclusions each perspective generates, 
when brought to bear on some specific areas of controversy: 
market arrangements, consumer protection, and the privacy of 
personal financial transactions. 



Market Arrangements 

According to advocates of laissez-faire markets, the cfass 
Interests of consumers and suppliers a re best served when goods 
and services are bought and sola under cmd1T1W5~fff-^ 
competitive market: (a) there are many buyers and sellers, none 



dominant, who may easily enter and exit the market and alter 

iS^HH^V* *1 S0 J 1 *«?S ( b ) each party has complete Informa- 
tlon about a product or service through its price (all costs 
are nternal1 2 ed)(Mansf1eld, 1975). According to the theory 
the long-term Interests of all parties are best served in olr- 
fectly competitive markets; the largest number of goods will 
be produced at tile lowest overall- price. Both Neo-populist 
and Pr.ivate Enterprise values would be jointly served by these 
arrangements i . ; nese 

As conditions^ in a particular market depart fro! this 
theoreticar ideal, Private Enterprise and Neo-populist values 
c^m 1 ? preaS1n ? ly con ™ ct - ^ a market 1s dominated by few 
suppjders, prices may be too high and the market- Will "ineffi- 

1 \ n hKrH d nT t? ° l 1 "I e - H a11 c ^ ts are not internalized 
1n the price of a good, the market will price It .too low, too 
much will be produced, and the real costs to consumers will be 
excessive; Private Enterprise criteria will dominate Neo-popu! 

I fiL ^rnJ^ ? Xam ? le ' the pr1 ? e of gasoline doesn't lK- 
elude the cost of cleaning up smog.) 

Neo-populist critics of American enterprise often equate 
JlfhfJ m « rk f P° wer v .M their eyes large organizations should 
not he trusted to act irt the Interests of broad publics. The 

3 ?tlnc r r *T I akerS - "f 1 9 OH", and "big government" ail merit 
H% riiSt : /J^ African banking Industry with 19,000 banks of 

• oll^^^f d 5 a I d ll Zes mht appear h1 9 hl * competitive. How- 
SiS" 9 , 15 Wghly concentrated 1n local markets and 
nationally. In many cities a handful of banks have the majority 
f -accounts. In 1973, the/100 largest banks, 0.5% of the binks! 

an I J Z P Ui 3 nt ° VJ* ^ • ° n ' depos1 * ' 171 r°«9h bank mergers ' 
and. acquisitions of bankholding companies, this Industry has 
become more concentrated during the last decade. Since banks 
are authorized to operate in a given city or state, competition 
is currently focused on local /rather thaJ national ^aX* 
which are also highly concentrated. 

a ii n J^r adV ? Ca ?!u°^ FT se rv1ces argue that banks should be 
allowed to extend their services via germinal networks Into -fie* ' 

Sillfe^ BankS h f Ve b6en l1m1ted t0 °P erat e within only one 
il5il^?^ ll8<Xne f ates prohibit branch banking, although these 
M^mijns are being fought .and removed. According to advo- 

of extended^ banking services, these laws are simply 
i^! a1c i * tt ^ould be possible, in their eyes, for the resi- 
dents of Eugene, Oregon to/have easy access to the services of 
;the Ghase Manhattan Bank, Citibank, Bank of America, 'Security 
niJ;I fir?? the k f hem1cal / Ba "k of New York 1>y allowing them to 
place teller machines 1n convenient locations, like a row of 

a"tte?se h c ;?on.° r " ClUSter ° f *" Stations on the "™ « 

H6 Ua R ?E r f S ?ll tat1ves ? f jailer banks and consumer groups be- 
11 Zl *he expensive 1 EFT costs can be more easily afforded 
by -the-iarrger-banksr- They-fear-that-EF-T devel-opments wffl 
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further accelerate the concentration of the banking industry* 
After all, ft is more likely that large banks such as Citibank 
or Bank of America will extend teller machines to Eugene than 
wilt a small bank such as Laguna Federal Savings and Loan, - 
. Those who fear a further increase in the concentration of the 
banking industry, fanned by extended bank terminal systems, 
argue that bank terminals should be mandatorily shared. In 
that way, if Citibank were to place a teller machine in Eugene, 
Laguna Federal Savings arid Loan could also offer services to 
Eugene residents over the same terminal at a fair fee.* 

In these debates, consumer groups utilize Neo-populist cri- 
teria. Bankers utilize both Neo-populist arid Private Enterprise 
criteria fn asserting their preferences. 

/ 

Consumer Convenience and Protection 

If a person uses an EFT system* what protections does he 
have if transfers are made without his authorization, if he 
wishes to stop, payment, or .simply if there is an. error? What 
kind of control does the Individual have.over his transactions? 
What kind of liability does he arid the EFT provider have? In 
consumer protection, as In other market Issues,, the positions 
taken by various parties seem to hinge in large part on a priori 
value commitments. People who trust current market structures 
or who view the recent history of regulation as Inimical to 
their own interest or a broader public interest advbclte reli- 
ance upon current market forces to select the best services. 
In their view, Neo-popul1st and Private Enterprise values can 
be jp1 fitly ^served • ^ Other analysts view the Americari economy 
as increasingly controlled by several hundred targe corpora- 
tions which are usually protected by the regulatory agencies 
that were originally supposed. to oversee t him. According to 
these analysts, reliance upj>n icurrM^market arid regulatory 
arrangements would not serve the brqad~public.^^ 
the vigor with which specific Industries have fought consumer 
.reforms such as truth-1n r adyert1 sing Taws and the Fair Credit 
Reporting Act. Neopppulist' advocates have been active, pressing 
for laws which limit the financial liability of consumers in 
case of errors in EFT systems, Miriit liability for unauthorized 
transfer, and increase consumer control by mandating stop-pay- 
ment or reveVsible payment mecharilsrfis. 

In 1978, the U.S. Congress enacted a special law, informally 
called the EFT Act (EFTA) which Improved the kinds of protections 
for consumers using many kinds of EFT services.** It covers all 

*Some states, such as Iowa, have legislated mandatory sharing, 
while other states, such as California and Massachusetts have not. 

**T1tle XX of the Financial Institutions Regulatory Interest 
Rate and Control Act of 1978, Pub. L. No. 95-630 § 200i, 92 
Stat. 3641 (1978) codified in 15 U.S.C. § 1692. 
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transactions initiated through electronic terminals (e.g., tele- 
phone b-111 payment, automated teller machine, preauthori zed debits 
and deposits), but not those initiated with paper instruments 
(e^g.i truncated checking). It mandates that financial institu- 
tions make disclosures 1n "realty understandable language" 
about the timing of transfers, charges, who to notify 1n event of 
unauthorized transfers, etc.. It specifies that consumers can 
be liable for unauthorized transfers, and that their liabilities 
ride on a sliding scale. While the law is ambiguous, a common 
reading suggests that consumers are, absolved of financial respon- 
sibility if they report the: loss ortheft of an EFT card within 
two days, while they fare completely \V1 able for unauthorized trans- 
: ep ,V:, th f y wa1t over 60 da ys. Between these periods, they can 
be liable for up to $500 (Brpadman,. 1979)> The EFTA also speci- 
fies some procedures for resolving errors. 

On the other hand,, the EFTA does not enable consumers to 
reverse or stop payments, nor does 1t prevent employers, 
creditors, or public agencies from requiring that a person use 
an EFT-based service to transact business. Also, many of the 
recordkeeping, liability, and error resolution procedures will 
work best for people who are sophisticated in their financial 
dealings, who keep good paper records i who are especially alert 
and who are adept at resolving, conflicts with "bureaucratic" 
organizations. Those people Who are less "bureaucraticaily 
competent" will probably have some troubles (Budnltz, 1979). 

The EFTA is a" compromise. It provides more protection to 
consumers than private enterprise advocates desired, but far 
less protection than neo-popul1sts advocated that Congress pro- 
i V ]?!i*„ t S 1 J n 2 f s ff T syren's are discretionary, they will most 
likely be used by those who can best cope with them. While 
^hey promise greater convenience for many routine transactions 
when they work well, they require substantially more sophisticated 
symbolic and reorgariizationai skills to detect and resolve 
problems when difficulties arise. ' v 

Privacy of Personal Transactions 

In the popular conception,, computers and concerns about 
privacy go hand in hand. Privacy connotes a complex array of 
Issues: what Information shall be collected about a person- 
how shall a person know about, complete, or correct a record 
(due process); to whom and under what conditions shall personal 
records be made available (confidentiality)? A common view, 
treats privacy as an elementary social exchange. People who 
wisha service relinquish certain Information so that the pro- 
vider may make a sound decision. 

While this view embeds privacy of personal data in the ex- 
change between providers and clients of a service, it misses the 
ways 1n which much financial data collected by organizations in 
the Tate twentieth century 1s passed off to a Wide array of third 



parties who 1n turn use It ,;fdr a host of purposes\wh1ch are well 
outside the control of the'oMglnal client. \ 

\ >■ ' V 

There are many EFT technologies with subtly different de- 
tails. I shall illustrate privacy issues 1n EFT with- the 
example of automated check processing (ACP)* systems and bank 
records. Any ACP\system would record to whom each person Writes 
each check. This information* along with the date of the trans- 
action, a check Identifier, and the amount of transaction would 
appear In. one's local Bank record. Record of each payee\1s 
necessary as a possible, receipt and for the customer to audit 
his account. All this Information Is available now, since each 
bank microfilms every check cashed against one of Its account 
holders and keeps It on file for six years. 

' / / 

Such records are a rich social resource. U.S. Supreme 
Court Justice Douglas once noted that: ' 

"In a sense, a person is defined by the checks he writes. 
By examining them the agents get to know Msydoctors, law- 
yers, creditors, political allies, social connections, re- 
ligious aff illation, educational Interests, the papers and 
magazines he reads; and so on ad Infinitum." 

In EFJ systems, disclosure of Information 1s the primary pri- 
vacy issue. Typically, such data are sought by police and 
grand juries conducting legitimate Investigations , and also 
these came agencies acting, against their political enemies. 
With manual records the cost of finding out whether a particular 
Individual wrote a check to a particular party or group 1s pro- 
hibitively expensive. With AGP systems, they would be neatly 
filed 1n machine-readable form for six years, under the provi- 
sions of the Bank /Secrecy Act of 1970. 

The array of personally sensitive data which would be more 
accessable is compounded 1n other EFT-related systems. Point- 
of-sale networks can b4 used to track the movements of particular 
Individuals. Credit card or debit card files will ^1 so contain 
records of hotels, restaurants, and other personal activities. 

Libertarian criteria emphasize system designs, organiza- 
tion practices, and laws which minimize Intrusi^ness , maximize 
fairness, and maximize the control Individuals Hive over the 
content and confidentiality of their records unless -there are 
major, competing concerns. Advocates of Statist and Private 
Enterprise positions emphasize the needs that large organiza- 
tions have for information, the costs of Implementing due 
process procedures, and the infrequency of abuse. 



♦Check truncation, a procedure 1n which a paper check is kept 6y 
the depository Institution or the first bank to receive the check., 
1s an example of an ACP system.' 
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•« . IMS 8 'J h ? U,S * Con 9ress passed the Financial Privacy • 
Act of 1978 which extended the individual's rights regarding 
financial data kept about him by his bank* credit union, or ' 
similar organ) zati on. ; During the 197.0's, then* were several 
'f,TA\ nt cases which reduced the extent to which a person 

cquld have property rights over records about him "(e..g., control 
their release^o third- parties). The 1978 Financial Prfvacv 
Act legislated such property rights to individuals for their ' 
financial records^ These rights are partial , rather than 
complete. For example, the .Act requires both that a bank inform 
its customers of the general conditions under which it discloses 
Information to third, parties (e.g., employers, public agencies, 
market research firms), and that 1t inform, a customer if data 
about him has been subpoenaed by a court, but it does not require, 
that the customer he informed whenever data abouf him has been 
released to a third party (OTA, 1982). Nor does it require 
public . agencies to obtain a court order to obtain data about a 

- S *?T e f- Np u d ?? s i U li?nit the P epiod of t1me that a depository 
institution should keep -data about a customer. This law, like 

r 5P?r is J compromise between parties with different values. 
In i addition to advocates of Libertarian and Private Enterprise 
values, advocates of Statist values were major actors in arguing 
that public agenc1es_shoiild^av«^f-fecUvel^ unlimited- access 
*V 1 data t0 P ursu e investigations and other mandated 

activities. Nevertheless, 1n the net, Libertarian values have 
suffered somewhat with the development of EFT-based services. 

Differing Incentives for EFT Developments 

By explicitly identifying value .stances, we've been able 
to make some sense of the meanings various Interest groups have 
assigned to particular Issues related to EFT systems. Focusing 
on value orientations also sharply illustrates a final important 
aspect of computing's social impact. To the extent that value 
orientations conflict, 1t is Impossible to develop policies that 
will optimize all parties' goals and interests simultaneously. 

To understand how conflicts are resolved in the market- 
place, It is Important to recognize that even if EFT systems 
can foster some form of social progress, they are costly and 
will be developed by organizations with specific incentives. 
While many EFT systems are to be used by the larger publ ic 
they are selected, financed', and developed' by financial instU 
tutions, retail firms, and public agencies which embed them in 
their own operations. EFT systems have been 'most forcefully 
advocated and developed by groups which employ predominantly 
Private Enterprise or Statist criteria for social choice. The 

ft ! U I e * amples ? ncl Y de two tnat illustrate predominate- 

ly Private Enterprise criteria and two that illustrate Statist 
criteria: / 

1. Supermarkets arid small business suffer large losses 
from bad checks. Computer-based credit authorization 
Services enable a merchant to diminish his losses. 
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Firms that advertise by mall often define potential 
customers by demographic characteristics. Knowledge 
that a person recently purchased a similar service 1s 
a better predictor of the likelihood that he will, pur- 
chase a given service than is his membership In some 
demographically defined groups As financial trahsac- 



of potential market 
large retail firms or 



tions become automated the pool 
data either for Internal use by 
for sale by credit card firms coluld Increase substan- 
tially and provide merchants wltp more effective mall 
Ing lists. 



3. 



)rocesses about 10 bil- 



4. 



The Federal Reserve Board (Fed) 

lion checks annually for member banks, but Is prohibit- 
ed from passing Its costs back to the banks. Banks 
have been steadily leaving the Federal Reserve System 
since World War M. The Fed provides special loans 
and market information in exchange for member banks' 
maintaining relatively high reserve funds on account 
Without interest in the reserve system. If the Fed 
administered a national EFT Infrastructure, It could' 
increase the accuracy and timeliness of Its data abdut 
transactions In the economy. If automated check pro- 
cessing systems could lower the cost of check handling, 
the Fed could diminish Its overhead.. Improved informa- 
tion and reduced reserve requirements might entice 
banks to re-enter the Federal Reserve System and 
thereby help Increase the Fed's effective control 
over monetary policy* 

By the end of 1975, more than 32 million people were 
receiving Social Security benefits. Automating the 
transfer of credit to Social Security recipients could 
Save a Targe fraction of the costs of preparing and 
mailing monthly checks. In addition, theft of checks 
x f rom post boxes would be eliminated. 

To understand computing devel dpments like these, 1t helps to 
distinguish benefits from Incentives . An incentive is an ex T 
pec ted good that induces a party to take action, while a benefit 
Is any good derived from the action taken. Incentives precede 
benefits. It may benefit Individuals to receive fewer unwanted 
advertisements, but the Incentives for developing special-Inter- 
est mailing lists would be the decreased costs of advertising 
borne by retailers. Some Incentives,, particularly those that 
emphasize competition for new customers, also promise benefits' 
to consumers through convenient new: services and faster credit 
through pre-authorized payments. However, cost-savings to EFT- 
uslng Institutions is more problematic. The little publicly 
available data on which to assess the claims for cost savings 
Indicate that most EFT systems become cost effective only with 
very high transaction volumes. The high capital costs of EFT 
systems a<jd the high volumes of business which they require 
makes consumer acceptance vital. 
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Some Incentives are more, important than others' to EFT-us1nq 
organizations. It Is unlikely that individual banks would save 
a substantial portion of the cost of paper handling with EFT ~ 
systems. Rather, fear and hope drives many private b'rganiza- 
tlons Into developing. EFT systems. A firm that develops EFT 
re1««ed- services may gain hew customers; one that delays much 
longer than Its competitors may lose out. " 

While-Private Enterprise and Statist criteria encourage 
many organizations to develop specific EFT arrangements, some 
consumer convenience^ (a Neo-populist value) m* accrue from 

irf m :^S° Wev ~ r, . no ? ne *T es that enhancing Libertarian values 
are either a major Incentive or a Hkely consequence of large- 
2'; n developments. Lastly, advocates of Systems criteria 
and consumer convenience, a Neb-populist criterion, may favor 
more integrated services (e.g., fewer cards and terminals). 

The relatively few Incentives offered by EFT developments 
for advocates of Libertarian or Neo-populist criteria 10^"" 
developments may >e underscored by reversing our analysis.- EFT 
technologies may help solve some of the problems faced by pro- 
f t-making firms or public agencies in carrying out their actl- 

!fn!;f* S V 4 8ut i adv 5 c ? tes of Neo-PopuWst criteria, who stress 
Institutional and legislative reforms to render large organiza- 
tions more accountable to the public, are unlikely to view EFT 
systems as an Important strategic Instrument. Similarly, Liber- 

^Lc na J y - tS ' ? h °i? re concer "ed about minimizing the intru- 
siyeness of organizations Into people's private lives, are 
unlikely tp consider EFT technologies to be Important means 
for protecting Individual liberties (Rule, 1980). , 

Computers and Schooling* 

.. EFT t s > s * ems ape no " beginning to appear 1n many different 

5rinc?orc tne > acc<? " nt f or only a tiny fraction of all financial 
transfers; computers for Instructional purposes are also just 

*In this paper I emphasize schooling, rather than education. By 
schooling T mean the rather narrow range of activities that take 
p ace in schools. By schools, i; mean elementary, middle, and 
high schools, as we know them 1n the U.S. They may be public or 
private, more or less structured, and they are characterized by 
those rsets of societal arrangements to require attendance of 
S 5 eC ll C J age groups \ h teach er-supervised classes for the study 
w 9 l!?fj curr j cula (Sanchez, 1976: 147). If a parent teaches 
,HthoI llJT at h r e ac ? ord1n 9 t0 a curriculum approved by a legal 

fall win Jm? *S Sta J e b0 f d °J '*«**JZh that should: 

fall well within this conception of schooling. ."Schooling" 1s not 
the same as ^educatjon" or "learning.". In the United States, 'school 

a ?^?i" d i r ;2i SP ^ d ab 2 Ut l l % of the1r t1me 1n required schools 
III «5 y ;K 1 ? 81 i/ ,, , and pernaps 33 * of - the1j " time sleeplng. About 
ciLn S! 1 ! 1s n ° t acc °unted for by required schooling or 
sleep, and doubtless they learn a good-deal during these other hours. 
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beginning to become commonplace In American schools, but only 
a tiny fraction, of students bave\any extended contact with 
them* We are also witnessing the ^infancy 11 of computers 1n 
school Instruction. ' ^ i 

There 1s little consensus about how computers should be 
used and integrated into school curricula. Some argue that 
they should be used to teach "computer literacy" (Winkle and 
Mathews., 1982), and often tacitly Identify "computer literacy" 
With prdgramming-skills and knowledge about the "workings" of 
computers. Others emphasize the special role that, computer-based 
systems can play as instructional aids, but they vary considerably 
1n the extent to which they value "routine" strategies such as 
using computer programs to automate drill and practice in exis- 
ting curricula, or whether they find drill .and practice thoroughly 
pedestrian and argue for more progressive, discovery-oriented - 
learning in richer, student-driven computerized environments 
(Bork, 1980; Pappert; 1980). • In addition, several companies have 
begun to market courseware for computer systems, the larger 
companies, such as the SRA division of IBM emphasize materials 
like drill and practice whictv are easily integrated Into standard 
curricula, and can be easily purchased by many school boards with 
out requiring that the organization of schooling in the United 
States be fundamentally altered. Other, smaller companies, such 
as Terrapin, Inc., are emph^giking more intellectually innovative 
materials, such as Turtle Georfet ry (Pappert, 1980) which appear 
to be^most eas1lyvjntegraiedJ f nt o the organizational style of 
ope? classrooms. " y=^9^ 

Many of these efforts are marked by strong -advocacy and - . 
salesmanship (Bork, 1980; Pappert, 1980). Despite the small 
and vigorous Industry of many teachers, courseware developers, 
and marketing specialists, it is difficult to find coherent 
and extended accounts which suggest how different forms of 
learning with, through, and about computers fit Into a larger 
portrait of schooling in the United States. Most accounts 
which discuss computer literacy simply indicate that computer s 
use is becoming widespread in the United States, and assert y* 
that "well educated" people need to be able to understand or 
"cope with" computerized technologies in the larger socjrf 
order. Most discussions of computer assisted instruptfon 
emphasize the micro-social learning situation and-tfie kind of 
intellectual richness or cognitive skills which^can be enhanced 
throujgh the author's favorite style of XAL, (fee, for^example, 
Taylor, 1980)^, While; many of these accosts are Interesting and 
suggestive, they do not go very farjtfward examining how instruc- 
tionally oriented computers in schools will alter schooling, 
1f at all.* 



*For an 1nterest1ng/€fxceptipn, see Mows howl tz's (1976) account 
,which discusses some of the early CAI experiments 1n the context 
of school reforms in the United States. Also; see Oettihger 
and Marks (1969). 
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Value Positions Relevant u$d- Schooling 

1 ■ 

What does the increasing spread of computers in school 
curricula mean for students, teachers,- parent and others^ 
the communities which adopt instructional computing? Wtil the 
k^nds. of things that children learn Ah school and: the ways they 
- !«">.• them, be altered 1n some fundamental way? (These "things" 
lJ e 2ff*5 ,9P l tl I , fc ? nd .* pi J i1 s* 1 "** as well as a broader array 
Jiif l?lL ab ?^ h0 ? /Vn ! r1tan society Is organized and one's 1 
place within it.). In addition, will schooling In the United 
States be more equitable or Inequitable for children? 

- ! 

, * a ? e J. on w Previous discussion of EFT. developments, T 
do not believe that these questions have specific and predetermined 
answers. However, we can gain Important InsigHts Into their 
answers by developing an analysis which parallels my d.1scuss1on- 
of J FT 4 ar 2??? e !J ts * First » should Identify the major value' 
criteria which educators and others use to Identify what good 
schooling should emphasize. Then we can examine how different 
arrangements for organizing school education with and around 
computers influences what will be learned and who will have * 
access ta different kinds of education 1n school. * .. 

. . Th ? ^wture and Rebates about what schools are and-can 
be in the United States 1s extremely diverse. I suggest that 
the following three value positions capture some of the main 
concerns of those who care about the relationships between 
schooling and how people 11 ve^hd work 1n the larger»society: 

VocationarMatch Model ; Good schooling arrange- 
ments are those which enable students to develop the 
cognitive and -social skills necessary for living and 
working 1iv the society they will find when they leave 
school. The character of the social .order 1s largely 
Independent of schools (see for example* Forbes an<f 
G1s1, 1982; Shane, 1982). 

Br * * 

2< Progressive Schooling' Model : Good schooling * 

arrangements are tnose which encourage students to 
develop their Intellectual cuMoslty and to develop 
social skills which support relatively democratlci ■ 
group life. ■ s 

3< Egalitarian Schooling Model : Good schooling' 4 - 
arrangements are tnose ! which enable students of all 
social backgrounds to have equal opportunities 1n 
employment By vlrture.of the cognitive and social 
, skills they develop. Moreover, good schooling 
arrangements teach children values and social skills 
whlch-suoport more egalitarian and less hierarchical 
social orders (e.g., cooperation and appreciation of 
diversity rather than sharp competition). 
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These value positions help, identify the key elements of. rather 
complex arguments about the appropriateness ofbasiic skills, 
computer-assisted Instruction, open classrooms and other curri- 
cular" reforms. They also help Identify the connections between a 
population of "schooled children^' and the,- larger. . society^ 1ji_Which 
they live and will work.* Proponents and critics of specific 
school reforms often anchor their main arguments in one of these, 
three positions, although few people maintain a rigid fidelity to 
one value model exclusively. For example, John Dewey 1s usually 
identified w.ith the progressive orientations but some of his 
writings emphasize vocational matching (see for example, Feinberg 
and Rosemont, 1975;- Sanchez, 1976: 80^85). Identifying these. 6 
themes 1n the writings" of. school reformers. 1s also difficult be- 
cause. of the •differences between what people believe about the 
way that a certain kind of schooling operates 1n the United States 
1n contrast with their preferences afiout :how it should operate. 
•Thus, some reformers of egalitarian persuasions criticize North 
-^nerican public schools for acting primarily as'those who value 
vocSHoflaJ /matching wuld applaud (for example, Sanchez, 1976). 
Nevertheless, these value positions can.be found -1n many books, 
.» articles, and discussions about "qoodJs chooTinQ." 

. Two. other value .positions are also sometimes argued, but 
rarely 1n print* These are variations of the Private. Enterprise 
and Statist value orientations which we discussed as. pertinent 
to EFT developments i- In discussions about schooling* the major 
actors to anchor their arguments in private Enterprise/criteria 
are the publishers and manufacturers of curricular materials and 
school products. They are concerned that schools be sufficiently 
uniform and stable in their preferences for material s that; the 
producers can find Targe markets and* keep their development ^osts 
to a minimum by spreading them over many buyers and several years. 
The variation of the Statist position 1s heard from those school . 
administrators, teachers, and parents who are concerned- that 
schools .be so organized that they are easily manageable at many 
levelKpf .social aggregation (from the order- 1n the classroom to 
curricula that are sufficiently standardized so that students can 
easily transfer from one school to-another without "losing time"). 
Despite these complexities, value orientations provide us a special 
vantage 1 point fpom which to examine computing developments in 
American schools, much in" the way that they help, us ^understand the 
social cnolces 1h the deployment of EFT technologies. ' 
V . ' * ■ - - - \ ' 

r — ^ V- -. : " \L — — ' ' ' - i ' ■ 

*These three/value positions are tentative constructions and 
their utility should be carefully. explored. before "freezing" 
*them. Not all value positions will provide equal analytical 
bite." For example, Chesler and Cave (1981:27) Identify three 
-value orientations which they believe highlight Important dif- 
ferences' In the .Intent and ouccome of schooling strategies: 
reactionary, conservative, and revolutionary. These labels are 
defined relative to a whole society, rather than for a strategy 
for organizing schooling within a single society; they dor.'t 



\ provide us any analytical leverage here. 
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Computer Literacy- 



cnm. SJf?*? r ] n V- acy l** n attractive- metaphor for indicating 
.some s kill in deatyg with computerized systems. Most of the 
debates today hinge: on differences in Rel ief about what kinds of 
skills are see* as. relevant, and different conceptions of "com- 

sk VK Z in SfV, The n ^ r0W ™ C *A™* of literacy Emphasize 
•Skills in manipulating some computerized\ device such as programming , 

- J lS£ C ™ P t U 4 ° r °P eratin 9 a word.prodessing machine. A broody 

. social ly-nch . view assumes that these sk*ll;s may be useful; but are 

Z nn r r> Uff ; cient l n helpin9 "Hderstand such matters as 

the opportunities and problems of large stale EFT developments o> ' 
supermarket scanners,* An analogy between computers and automobiles 
T 't^n^o e a H nStF ^ tlVe \/5 V0CateS of 4 erac ^ as - com P"ter-manipu! 
slf JS«!Si- V0Ci ?i! * kir lt' of Earning similar to driver education' 
"?< In ! e me ^ ha ^ cs ; V «rs (or computers) are widespread it 

^n?25i ] I S i US6f i! * *? teach P e ?P le how P deal with thenrin rather 
concrete and practical ways. Moreover, /such people will have more 

"??E,« P Kf te ski11 * ? hen th * enter the /ull-time labor market 
£SJm2 3 Position is congruent with vocational- - 

matching educational values.)** .7 

^intermediate-view assim ilates "cplputer literacy" more fo — 
cultural soph stitation than to Linguistic fluency and technical 
n,t S ^ y M (MarVin * \ m) ' In this c °n/eption, dealing with com- 
SffS Mfc? 9 !*" 0 " learrMn 9 how to dea 7 !; with the computing cultures 
within which computers are embedded/ (see also Kling and Scacchi , 

**It is instructive to read the a>gurriec»t for computer literacy 

Hanson s (1982) observations aboLt reformers-who advocated 
vocational education in the United States around the turn of 
the century: j 

,-„w ov " T 5M iteRat - re vocational education is a fascinating 
index of the way Tn which the new educational managers could 
perceptively diagnose the severe problems created by the new 
forms of corporate capitalism and then provide paltry remedies 
It. also exemplifies their faith in the power of public sdhool- 
-JSM&S structural inequities by improving individuals, 

- to reform the society not by direct means but by teaching youth. 
^n a -% S H° f - n V ? C§t ^ nal Sch00lir '9 wrote ^study after study' dScu- 
IS f - 1 I 1 - pa i! d and deadening character of the subdivided 
and routinized work available to those on the bottom of the 

vIlT:* T ^ ar 5 ue ? ^ hat n was 50 exploitative that child ' 
labor should be forbidden by law. fct at the same time few 
suggested any fundamental changes in the character of work 
for adults or thougnt of altering the balance of power between 

on° rke h r ftL nd emP I 0yer 5 in industr ies. They placedtHe r hopes 
on a better system of vocational training that would help 
workers. to be more productive and..to understand the larger 
1982-lll) nC "'° * WOrk they Performed" (Tyack and Hanson, 
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The broader view of computer literacy emphasizes the ways in 
which computerized systems are integrated into the social order, 
much as we have seen with the- EFT 'examples discussed earlier. In 
this conception, a person's .understanding about how "computers 
work" and what they are good for depends on both- understanding the 
machinery and the social order within which it is used/ Providing 
a child with a micrc-comp'uter mayhejp her understand/what softwar 
is and how "it" works, far better thdn a textbook description 
could do (Luehrmanh, 1980). But access to a micro-computer would 
do little to help that child understand why banks haveja three 
.tier liability system for the unauthorized use of debit cards, 
or why the U.S. Armed Forces have trouble developing a workable 
multi-service command and control system for the unified military 
commands, after 15 years of. development and $1 billion expenditure 
(Kling, 1982-).- Understanding these matters requires appreciating 
• how computer-based technologies are integrated into social worlds 
(Kling, 1980). " . | " 

x Certainly,, using computersand developing a \sense of cofnpe- . 
tence and skill through mastery of programming a Relatively 
flexible and accessable machine can be. rewarding aVid helpful 
for many children.. The Issue here 1s very different, though. 
To refer back to our analogy with automobiles.* the 'broader 
view of computer literacy holds that understanding the role of 
cars in American society 1s not equivalent to having, acquired 
skills as a driver or mechanic, however fun or useful they may 
be. Rather, 1t requires understanding the development and 
deployment of automobiles In American cities and 1n the economy 
at large so that One can appreciate the importance, of foil in 
American Tife, why the demise of Chrysler or the automobile 
industry cannot be taken lightly, etc. Those who advdcate a 
broader view of computer literacy typically, hold to more egali- 
tarian values- of schooling also. They assume that It lis not 
sufficient for. schools to simply educate children to "fit" into 
society, but that schools should, inlpart, educate children to 
understand the workings and myths of the society they live in 
(Mowshowltz, 1976; see also, Frlere, 1981).* j / 

Furthermore, those who hold, egalitarian values towar/ 
schooling would seek ways to have student's schooling ftn/computer 
literacy (as well as other topics) not simply reflect ja/hier- 
archlcal job market with many jobs which\ allow nttleJinitiati've 
and a small fraction of jobs which'otfer conslderabl ^discretion, 
Intellectual challenge, and deep personal\ rewards. I 



*To the'extent that this socially rich conception of; computer 
literacy, depends upon students having access to accurate 
portraits of social I1fe,:1n America, this vision is unlikely to 
be realized in most public and private schools. For an 
elfboration of this point,, see Fitzgerald' s (a979) examination - - 
of the changing portraits of Anerlcan society* which have been 
emphasized 1n high school history books. Historical fidelity 
is not their strength. \ 




Computer Assisted Instruction 

There- are many ways that computer /pplications and environ- 
ments^ be desTgnedto assist students -J earn or improve certain 
(usually) cognitive skills.- The most/structured and least 
intellectually exciting are driiTanMractice programs which 
are . written to support basic ski 11 %/, such Irs -reading, elementary 
mathematics, and othefr highly stru/tured intellectual domains 
(Suppes, 1980) . (The^se programs c4n al so spin off progress^ ' 
reports about the temRO and development of each student in a 
class.) The middle range of CAI/ technologies are simulations 
which allow the student, to expire the dynamics of a phy*+cifT 
system or a simple economy by asking, her own_jqu€*t1tms(iork 
1980). The high end of CAI teihnoJjig^-S^Trich environments 
such as Turtle Geometry whjch enable students tp~e*p7m^ 
mathematical ideas by providing them computational tools which 
are suitable for many "experiments" and an environment which is 
driven by the student much mdre than by the courseware (Pappert, - 
1980) • 

Only a tiny fraction of school age students in the United 
Spates are now exposed to CAI in any form. Clear trends are 
difficult to identify, and the shape of things to' come may 
diverge radically from the current pattern of developments and 
adoptions. Nevertheless, -the present is instructive, to provide 
some insight into the. larger social forces which will influence 
the futures that inspire €AI pioWers (Taylor, 1980). In'1982 
there are about two dozen firms which sell' educational courseware. 
Most of ^materials (by title), and the- largest firms concentrate 
on drill and practice and similarly structured packages. While 
the pedagogy of-rote learning and the structuring of these-media 
often incite contempt from developers of intellectually richer 
materials an< media (Bdrk, 1980; Pappert, 1980: 21-35), they are 
the most easily integrated into the standard school curricula. 
The_ use of less directive media, such as Turtle Geometry, 
probably hinges on an open classroom organization. The major 
.experiments with Turtle Geometry are takiny place in- an open 
and. relatively experimental school in the Dallas school system 
(Fiske, 1982) with the support of Texas instruments and in a 
progressive suburban school district (Newton, MA) without 
explicit industrial support (Zonderman, 1982). 

There is much to be optimistic about during the next 
decade. First, the cost of the, cheapest computers may still 
decline somewhat, while their computational .power, graphical 
capabilities, \and associated 1/0 (e.g., auditory drivers) will 
be -substantially magnified. Second, the richness of the software 
available for the popular machines and also the quality of the 
more popular kinds of courseware will improve. Alstf, more 
schools will doubtless purchase computers and courseware for 
instructional use. But these are all "endogenous" elements • 
they do not directly translate into an altered forfn of schooling 
.in. the United States. At minimum, little else need change 
/except the sheer presence of computers .and the shift of some" 
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coursework from paper and pencil to terminal and .display. In 
that case, computerized technologies would-be like mill ti-col or 
textbooks and felt tip pens-widely used, adding some interest, 
but having little fundamental impact on schooling nationwide. 

Again, we can turn-to our value models to help appreciate 
the alternative kinds of schooling which these instructional 
• technologies are most .likely to provide.- Advocates of progressive 
education and student-centered learning will most favor the 
richer, student directed technologies. ^They may also favor 
those drill and practice systems which allow self-pacing for 
students who require remedial skills.) While the "content" of 
drill and practice systems can be drawn from any discipline or 
skill instruction and testing can be framed around right and 
wrong answers, simulations and computational environments are 
constrained. to those symbolic worlds for which someone can 
build an explicit symbolic- representation. It is easiest to do 
this for knowledge domains in which the underlying relationships 
can be mathematically modelled (e.g. * physics force laws, simple 
economies, Turtle Geometry). However, the kinds of symbol ic 
Worlds which appear in games like Adventure suggest that a 
larger class of symbolic universes can be transformed into a 
computationally accessible representation. These are not 
unlimited, although it is easiest to say that at any given - 
time, they are bounded by the scope of Artificial Intelligence 
technologies of that period.* 

*In practical terms, it is doubtful that* one would find programs 
in the next decade which could answer important questions about 
U.S. history, for example, in Intellectually satisfying ways. A 
drill and practice program might store many facts about the out- ' 
break of World War IT, and a simulation might, model the relative 
strength of world armies of the period, but the programs we know 
and understand would be hard put to answer arbitrary inquiries 
S b0 vLo hy : U,S \ f0 /' ces wene sur prised at Pearl Harbor on December 
7, 1942, how the /British staved off severe V2 attacks, why Hitler 
brokers nonaggression treaty with Stalin, or the rationale for 
and effects of the Allied saturation bombing of major German 
cities. If pedagogy, is more than simply propaganda then a key 
point in discussing questions like these in a classroom is not 
simplyOto get" a "correct answer," but to examine how people 
and nations act.— JOie_underlying-. pedagogy is unlikely to be 
completely replaced by^ome^spe.cJalTy good "World War II" or 
"foreign policy" simulation, -. 

While simulations in principle help one examine Adynamics 
of a sgiven situation, one would need models of individual and 
C0 ] tt U) !,u f^avior which link expectations; cultural preferences, 
and trje "drift" of collective situations !n shaping policy 
, action and large scale social responses. It 1s ah understatement 
to hold that decent models of such explanatory scope are well , 
outside the bounds of contemporary .theohy. 
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with structured c assroo^s L ^f ?- f h are most insistent 
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of intellectually richer environments rather than ,the more 
routinized drllV and practice applications. 



Open Issues In Computers and Schooling 

The most common points of departure for discussing instruction 
about and through computers 1n the schools Is to take 7 advances 
In computer hardware for granted, and to ask how rapidly new 
technologies can be taught with and "through them (see Taylor, 
1980 for many examples). In this framing, the problematic 
elements are the difficulties 1n finding high quality courseware, 
of convincing school boards and teachers to adopt innovative 
teaching technologies, of training teacherS/to work 1n fcomputer- 
centered environments, of finding ample funds for -these ventures 
Jnjajlme when school expenditures are problematic," In this 
frwmgrthe-outcomes -of^ljislrjjctljonal computing are "better" 
cognitive skills and "computer apprecl^tlonr" 

,1 have sketched an alternative/Way of asking what computer- 
ized technologies mean for schooling, In the United States based 
on competing value positions, from these vantage .points, dif- 
ferent forms of computer literacy and CAT appear differentially 
attractive and workable. In short, those who value schooling 
as an Institution for channeling students into different slots 
1n the labor markets 'will find i harrow conceptions '.of computer 
literacy and many kinds' of CA I attractive. This does not mean 
that vocational matchers /Will always value computer literacy 
as * basic skill to be taught In parallel with the three R's. 
Nor does it mean that /they will eagerly seek CAI at every 
juncture, or be forg/ving about costs, teacher training, etc. 
It simply means they wilKselect those modes of Instructional 
computing which are conslstarit wltjr their vision of schooling, 
and reject others. , 

/ 4 ■ ■ . 

The current arrangements for schooling in the United States 
tend to favor vocational matching (G1 nils and Bowles, ifjjSjV — * 
although there are some compensatory fundi n^programs^wreduce 
the. more .extreme Inequities in some states (eig.Tpost-Serrano, 
California). Vocational matching arrangements a,re also consistent 
with having a fraction of schools administering, progressively' 
oriented programs, such as open classrooms ( San che 27^976 ) . 
However, those who value egalitarian schooling will value fctoader 
forms of computer literacy and ah equitable d1str1but1on;?bf 
talented teachers. Overall , current school ng aTrangenferits are 
so organized that the largest' markets for curricuTar material s 
will be those which support relatively narrow fofms of computer 
literacy and relatively well structured forms of CAT. These are 
the markets which I'd expect the firms which value profitability 
to emphasize, although there, are always niches for small, 
rpTcTaTrzea~supplie rs . 

This analysis has emphasized the. pedagogical side of 
school ing; pedagogy is not the only issue in organizing schools 



and working in a classroom*, flany teachers value orderliness, 
particul arly in "traditlbnfl - teacher-centered cl asses there ' s 
a good chance that those Mnds.of instruction about. and through 
computers which Will be Adopted on a large scale are 'those 9 
which enhance, or at least do not erode, the extent to which 

thpS h !IL Can mai ^?J n COntro1 oyer tne att * ntion of the children 
£2h! P ? r £ , J; ^ com P"ter-based programs which- can= be 
a b individual children would be preferred to those that 

fl^u^en?:^ 8 C00perat1n 9') ™* nypothesis; not a 

haven?! ^rfrollf IE* 0 ?* t ! ,ri are W questions which I 
dre " e J- the ro1e of computer managed instruction, 
the relations between students and teachers, the likelihood 
that many parents will prefer to teach their students^ home 
rather than in teacher-staffed schools, letc. I- suggest that 
the value-mode approach developed hereihelps illuminate some 
of the key social forces and dilemmas tljat underlie these 

ljjllt.j, 
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Conclusions 

It is common to view technologies as potent agents of social 
JlSSJFlF' I™!' bUt tne ^st significant technolog?es arl ' 
tiiJi J J hr 2 U9h m0d ? rn societies Pver several decades. Automo- 
V \*b ^lephones, electricity, central heating^television 

in the United States. They were shaped and fit so that the 
larger social order was not radically uprooted. There is 
evidence that computerization develops similarly within public 

?2E? S i* 1lhg * nd Kriaemer ' 1982 >' lt is also likely that EFT . 
!Sj n °;9SJ e * ?nd- instructional computing will be similarly 
"absorbed" over^ several decades. , , " ,Mar,jr 

I n J ne sh ? rt run » when these technologies substitute for 
less technically sophisticated alternatives, the_values of key 
actors-developers, resource controllers, and users-Tpray -a- 
critical role in setting the stage for later developments. 
to^i 0 "' n6W * ty1es dev *lop; automobiles do not function like 
horseless carriages and photocopiers don't function' like " 
automated carbon copiers. 



♦ a t H r ema, ; kab1e now much the literature on the more 
student-centered forms of CAI emphasizes the technology at the 
neglect of the real children who will use these' dev. 5s and the 
real classrooms in which they fan, be taught. See Taylor ?1980) 

n n ?KtlH?f for examples where the technology is fo u nded 

*?*■"• f aSS6S are trUan ^ see Oettinger and Marks 
(1969; for an alternative approach which is sensitive to the social 
contexts of real schools. CAI technologies are now cheaper anS 
more sophisticated, but many issues remain unchanged. P 
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In the short run, Institutional styles dominate the use of 
new technologies. Hospitals wh,1ch use computers heavily are 
much more like hospitals which are hardly automated than they 
are like some other kind of Institution—a bank, a grade school, 
or an architectural firm. Thus., asking about how a technology ' 
shall -be "best used" is. asking questions about the larger social 
order in which it is embedded. Identifying key values at issue 
1n a given institutional area— here banking and schooling— hel ps 
identify the kinds of Interests that easily align with different 
modes of computerization. 

." i 

A key issue is not whether or not computers are used in 
banks or schools or libraries or manufacturing firms. Rather, . 
much depends on how they are used, what infrastructure of 
resources and legaT arrangements accompany/ their use, and "what . 
interests the arrangements serve. , Much Is written about promise* 
of computers 1n many spheres of American /life, including schools. 
Despite the billions of dollars spent each year on different 
forms of computerization, we have l ittle systematic data about 
the Ways that computing 1s. being integrated to public life in, 
the United States (Kllng, 1980)., In the absence of systematic 
and high quality data, we must rely upon scattered reports and ? 
a priori models. 

\ 

In the analyses presented here, lalssezrf aire EFT develop- _ 
ments best serve Private Enterprise and Statist values; 1n * 
schodls Instructional computing best supports Vocational Matching, 
conversely, EFT developments will not serve Neo-popul1st or 
Libertarian fnterest-s without special legal and Institutional 
supports. Similarly, Instructional computing 1n American 
schools is unlikely to' serve Egalitarian values very well 
without special institutional support. 

At this t1nie,"both EFT developments and Instructional 
computing are 1n their Infancy. There are still many open 
social choices, and the future of these developments is stijT 
• to be made. 



References 

Bork, Alfred "Interactive Learning," In Taylor, 1980. 

Braverman, Harry,- Labor and Monopoly Cap ital-. New York- 
. Monthly Review Press, 1976. - 7 TOrK ' 

^ml^J^mX^^ f-^sfer Act: Is the Consumer 
. Bujjnltz, Mark "the Impact of EFT on Consumers: Practical 

Col ton, Kent and Kenneth Kraemer (eds.) Computer's and B*nH««. 

^^^^ 

government. New york; I'olumbla University -?ress; 1-96^ 
Evans, Christopher, The Micro Millenium. few y or k: Simon Schuster, 

Fe iom?p Sf2f r ¥ ry Ro " mont Jr ' "Training for the 
fp ^IL S ! a ?i The ^resslve Education Movement." in 
. Fe.nberg and Rosemont, 1975. 

Felnberg Walter and Henry Rosemont, Jr. (eds) 

U?Ti! e f to ? 1 L , Vgf Educat1on : Dissenting igs says in the 
■ Tntei iec tua rounda tlnrm nf. lm.^^*~ r j.-.i.?:" ■ tn ° 

O nlversUy of I I I lnoir^ess7T»r :li! ^ i ^' 
F0 Sm'l.?*{; vhJf' d r 1 *: 6fom.Mi1. "The information Society: 
Continuum Publishing Co., 1981° ' (PP " 9j - 1M >- '*» fork: 



71 



Gintls, Herbert and Samuel Bowles I "The Contradictions of Liberal 
Educational Reform," 1n Feinberg and Rosemont, 1975. 

Kling, Rob, "Value Conflicts and Social Choice 1n Electronic Funds 
Transfer System Developments," Communic ation of the ACM. 21. 
8(August 1978);, pp. 642*657; ' — ! — 

Kling, Rob, "Social Analysis of Computing: Theoretical .Orientations 
in Recent Empirical Research," Computing Surveys, 12, lYMarch 
1980), pp. 61-110. v 

Kl ing, Rob,. "Defining, the Boundaries of Computing in Complex 
Organizations." Working Paper, Public Policy Research Organi- 
zation, University of California Irvine, Irvine, CA, 1982. 

Kling, Rob and Kenneth Kraemer, "Computers and Urban Services" 
1n Danzlger, Duttbrt, Kling, and Kraemer, 1982. 

Kling, Rob and Walt Scacchl "Recurrent Dilemmas 1n Routine Computer 
Use 1n Complex Organizations," Proc. Nationa l Computer Conference 
Volume 48: 107-115. Montvale, NJ: AMPS Press, 1979. 

Luehrmann, Arthur "Technology in Science Education," 1n Taylor. 
1980s 

Mansfield, Edwin, Microeconomics (4th ed.V. New York: W.W. 
Norton, 1981. " : ~ 

Marvin, Carolyn, personal communication, Philadelphia,. PA, 1H82. 

Mows howl tz, Abbe The Conquest of Will: Informat ion Processing in 
Human Affairs . Heading, MA: Addison- Wesley, 1976. — : — 

Oettlnger, Anthony and Lema Marks, Run Computer, Run: The Mythology 
of Educational Innovation . Cambridge, MA: Harvard University 
Press, 1969. ~~ 

Office of technology Assessment, Congress of the United States 
Selected Electronic Funds Transfer Issues:. Privacy t Secu rity and 
Egjnty^Wasnington, p.c: U.S. Government Printing Office, 1982. 

Pappert, Seymour, Mlndstorms: Children, Computers a nd Powerful \ 
Ideas . New York: Basic Books, 1980. ~" { > 

Rule, James, The Politics of Privacy . New York: New American 
Library, 19fll. x \ 

Sanchez, Ramon, Schooling American, Society: A Dem ocratic Ideology. 
Syracuse, NY: Syracuse University Press, 1976. ; 

Shane, Harold G. "The Silicon' Ag* and Education," Ph1 Delta 
Kappan 63, 5{ January 1982), pp. 3.03-308. ~~ ~ 

* i 

72 



to 1 
£ . 014 916 

'"J " THE MICROCOMPUTER — AN ENVIRONMENT THAT TEACHES : 
J_T EXPLORING THE HIDDEN CURRICULUM 

Henry F. pids, Jr. 



. The use of the microcomputer in classrooms and homes has 
many implications for the learning of those who use it. 
Some of these are. obvious;' but many are hot so obvious and 
deserve serious .consideration. I want to consider here some 
of' the kinds of environments for learning that computers 
create and the impact these environments may have on" 
computer users- 
Discovering the Hidden Curriculum 

Psychologists and sociologists who have been interested 
in what children learn in the classroom and how they learn 
have frequently distinguished between the formal curriculum 
and the informal, or hidden curriculum. The formal 
' curriculum ^consists of the content and skills^that are 
defined and articulated as the "course of study." It 
usually expresses what + the society expects children to learn 
in school. And because this curriculum is explicit for the 
most part, it is also considered to be largely under 
control. * 

* . Most observers of our Schools also recognize that the 
formal curriculum is only the tip of a huge iceberg and that 
most of what is; learned in schools is hidden, poorly 
defined , unarticulated, and not well controlled. Most 
innovations in education are efforts to improve the 
transmission of the formal curriculum. Little attention is 
paid to the hidden curriculum because it is too vast, too 
complex, too hard to see (particularly when viewed with a 
microscope through a rear view mirror) • In our passion for 
oar pseudo-scientific capactiy to measure things, we have 
assumed that what is important In education is -what is 

^easily measurable* So we haye limited our vision to what we 

*can define and put bur callipers on* 

. In over twenty yearns of watching changes in education, I 
have learned that significant and lasting changes occur oply 
when the entire: structure 6JE the enterprise is somehow 
altered, not just a tiny fragment* Many change efforts so 
completely ignore the hidden curriculum that insertion into 
the system is almost immediately rejected by the host, much 
like our bodie8| reject, alien diseases. 

My position is that the classroom (and the school) must _ 
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be viewed as a total environment that teaches* Changes in 
that environment, if they are significant, will effect all 
aspects of the environment. Any change that is not 
significant will* not only have little effect, but will 
quickly be rejected or so totally assimilated into normal 
practice that nothing noticeable/ results. . 

It is my prediction that the - advent of computers into 
classrooms will make a major difference in how education 
happens in our. schools. Typically, /mpst educators are 
assuming that^ the difference .willWe in the formal 
curriculum, and they talk about teaching more content in 
less time, teaching students on a/ more individualized basis, 
keeping better records of student* progress, freeing ,the 
teacher to teach more domplex concepts and skills,, etc. I 
fear, as usual, that they are inspecting the elephant by „ 
looking at hairs on the end of its tail. { 

I think the computer will make a major difference 
because it places within one total environment that teaches 
another total environment that teaches. In my mind, it 
therefore exponentially increases the learning possibilities 
— it does not merely add on. Think of it this way. It is 
not: " * 

New Learning Environment * Learners +X + Y 

It is: . , * 

1 X + Y 

— *New Learnirig_E_nyironment * (Learners) 

Where X * Teacher + Books v 
Y * Computer + Software ~ 



^ There is another scenario, of course. Our school 
systems could try to restrict the use of computer technology 
narrowly to the role <of audio-visual aid for more efficient 
transmission of the existing formal curriculum. If that 
happens and is successful,, we could Veil find the computer 
taking its place alongside the 16mm and* overhead projectors- 
in the A-V closets.^ 

It's not likely to /happen that way, not because our 
educators are so much wiser, but because our society already 
senses that new forms of education will be required for a ^ 
world in which computers will deeply alter not only the way 
we do things, but also the way we think about doing them. 
Already many computers have found their way into schools not 
because school boards have decided to use them, but beca use 
parents 1 organizations have bought them and insisted on 
their being used. '* / * 
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The Hardware Dimension 



The best way. of understanding what is going on in a 
total educational environment ~ both the formal and *he 
hidden curricula ~ is 'to become a student of the human, 
/interactions that are a product of that environment. jfor 
example, let's consider the changes that have come iri5out 
with* respect to computer -hardware . - In a very short period! 
of time, we have moved from "very large ; and ver^expensive 
'computer installations with relatively f evK^erminals "for a 
select group of students to small, relatively inexpensive 
microcomputers that can become a readily accessed tool for 
everyone in. any classroom. Tod^y<teachers can put . 
computers in their cars and take them home overnight or for 
the weekend. In the very^rfear future Allan Kay's^vision 
will become a,, reality -- every child will have a^ ' 
notebook-sized computer to carry to and from scjool each 
day.. . i 

When the hardware resources were large, scatce, and 
expensive, use of them had to be authorized by someone in 
control of computer time allocation . To a. lesser degree 
computer use in schools' must still be authorized because' 
available hardware is scarce. This scarcity ha s> some * 
important ampliations ( for how the computer is seen and used. ! 
For exe.uple-, it is rarely possible for the computer to be 
used for word processing in schools because the composing 
processes too time consuming. Similarly, using the * 
computer for serious, problem solving, which might involve 
searching, data bases, constructing analytic models, or ev^n i 
writing extended programs is still ^limited by the scarcity ! 
of resources. Someone must still authorize, how the computer i 
is used and when it is used. " - j 

But soon s the comouter' will be just about as available^} 
everyone as the hand: .alculator is today. « How will the 
school react? My sense is that most schools are still 
unsure about acknowledging the reality of the hand 
calculator as a tool which makes pencil and paper arithmetic 
almost completely obsolete. Drill and practice on 
application of the algorithms for pencil and paper \ 
computation persists — even computers have been enlisted toi 
insure that the old iinethods don ' t -change I Few math classes ♦ 
that I know of have replaced the/ pencil with the calculator- \ 
and are teaching new algorithms,, for making quick , estimates 
to be sure that the answer^Spplied by the calculator is i 
reasonable. . ' 1 

- . - .... - ' 1 1 

Will schools react to the advent of the handheld 
computer in the same way?' If they* do, I fear that the 
hidden message to students will be that what goes on in the 
classroom is, far more than ever before, irrelevent and 
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worthless.. It would be a shame jaybe*even a national 
catastrophe — if that turns out to be the case. 

* At this point, V am: s^till optimistic . The attitude of t 
many teachers who are beginning to use computers in ^tiools 
is pjpen to tVre possibilites " they permit^ There is a 
reasonable willingness to risk the chance that embracing 
computers ;as *a new tool for learning means rethinking to 
some' degree the nature of learning in an evnirpnment that 
has > no?' changed significantly ,ih some exponential way. To 
some degree/ not yet well understood, the nature of * 
education* is changing, and fortunately- there are manj 
teachers who are willing-,: even excited to venture into 
exploring uncharted territory. 

The,S6ftware Dimension 

Most of ths interesting aspects: of how computers will 
effect education arise from consideration of idle impact of 
various kinds, pi software* While the hardware provides a 
very general tool, Jthe software makes the tool useful to 
, people and determines jto a degree what kind of tool it will 

If yoii ask geqpl^e what the^majpr advantage of the 
computer is , * they will respond with ideas like it 1 s fast , 
i f t's accurate, it's thorough., it's inexhaustible*, etc. 
Educators, in particular,: also point out th$t it is 
interactive, thie sense being that there is something in this 
interactive potential that i$ particularly important for 
education. They" may be right, but what has impressed me is 
the, astonishing range attitudes about what the nature of 
that "interaction . is. • x * 

* - , ' C V 

I would like to suggest that understanding fully, in all 
its complexity, the nature of. the interaction^ between the 
computer and s jthe user is critical to understanding hpw the 
computer will? effect education. And, as I have suggested - 
above, we musjt look underneath the surface (the explicit 
intentions)' to the hidden; impact of this, interaction • ' 

The CXI Model ; 

The' strongest and most, dominant model we have today of 
what the .nature of the computer /human interaction ought to 
be has been passed down .to us from* a previous era of scarce 
computer resources. It was a time when a handful of 
educational psychologists worked with a handful of computer 
specialists to create software that would demonstrate the ' 
potential lof thi* scarce and expensive technology. They 
decided, for whatever reasons seemed obvious at the time, 
that computers" should best be used to assist and to manage 



instruction. Assisting came to mean* carj^ing^Qut routine 

instxuctional activities in a mode designed to improve upon 
^Ehe teacher's capacity to do so. In theory,, then, the ' 
teacher would be free to instruct . student 13 about more- 
complex and important matters. Managing came to-mean 
keeping careful .track of the student's performance and 
directing the ^student to appropriate new materia^ based on 
past performance. , j 

Since, most \ef forts to improve education in the past 
fifty years had used the modern factory as a model, it was 
not surprising that early applications of computer* "to 
education were aimed at* making education more efficient and, 
cost accountable. Because computers were clearly able to 
assist and manage manufacturing processes Efficiently, it 
seemed reasonable that they could provide similar help for 
educational processes. Behind closed doors, discussed 
softly so- as \ not "to upset anyone or ' create bad press,,/ many 
of the developers of early CAI and CMI software talked of 
the day when-slbw, inefficient, mistake-prone, teachers would 
b£ relieved of most educational responsibility, arid \ 
computers would carry put most of the serious .aspects of 
instruction. * * 

if computer technology had continued td be relatively 
scarce and fairly costly, those in control of its use might 
have prevailed in insisting that, its proper function wa*£tt> 
assist and manage instruction!. Twenty, years \ago, f ew wpuX'd 
have predicted .tijie silicon revolution. * When microprocessors 
burst upon the scene, those who had been pioneWs "in CAI 
immediately leaped; to the. stage and proclaimed \that now the. 
miracle of CP T could become, a universal cure foJs the ills of 
a slow and ou inqded educational system. Jn their enthusiasm 
for presenting their, particular vision of using the computer 
in education, they .neglected to pay attention, to the fact 
that advent of -the inexpensive microprocessor completely 
changed the relationship of man to tl ~- computer. Put very 
simply, what was once expensive and- inaccessible became, 
almost overnight, chfeap and available. 



ty^th cheap and available technology, all the potential 
of the computer can be explored by almost everyone. No 
longer must the technology be limited to applications 
determined by a small, vested group. In education, what was 
once the province of the educational psychologists and 
cpmputer science technicians can now be open to teachecs and 
parents and kids J — and; professiqnal educators whose 
interest is in expanding- the potential of the technology, 
not in limiting it. * * 

Let's now consider the GAI m^del of computer/user 
interaction: 
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1) 4 The computer presents some information on the 
screen- and poses a question (the stimulus). 

2) The user responds by constructing an answer of 
his/her own or by selecting, from a range of aiiswers 
presented with the question tthe response). 

3) The computer evaluates the user ' s. response 
based upon a predetermined f ormulation of the correct' 
xeponse. 

4) The computer provides the user .with some- 
feedback to his/her response, usually in the fonh of a 
Judgment that the resporises was either correct or incorrect 
(the reward) .\ 

5) The computer keeps track of the user's 
performance (the record) . i 

6) 'The computer provides a\neW stimulus, the 
Choice of which, is based upon the user's £eriormance record. 

On the surface', this, mdcfel seems* reasonable. To many it 
represents fairly well what education ^is .about^. Everyone 
ought to have the experience of -learning from y program 
developed on this model. If your choiceNA^jtfograms is good 
and if you use the program conscientiously, you will 
probably learn something. And if it is .something you very 
much, wanted to learn, you may be justifiably pleased with * 
the program's effectiveness. Good CAI can* indeed teach { 
-effectively.' , *- . : - * 

-\ " / * : !. ■ * V_ . ' 

t Bar it xf s important /to consider some 6% the hidden 
-aspects of 1 this approach to education. First, it places the 
cbftiptiter in contrtol of the educational ;pfocess . It 
maintains that the computer is both necessary and sufficient 
for learning. -And it places the/ user in a submissive and 
tightLyxcpnstr.ained role. * 

Just belcy the^surf^ce, CAI teaches that*: 

>N >]bearning is in control of some unknown source that 
determines almost all aspects of the interactive 
process. To learn one must suspend ail normal forms 
of interaction and -engage only in those called for 
by the program. - ' 

* * Learning^isi an .isolated actiyity to be carried on 
primarily in a one-to-one interaction with the 
computer i Normal inter^h.uman dialogue is, to be 
suspended while learning % with the computer. ^ 

* * Learning involves understanding, (psyching but) how 

the program expects one to beh'aye and. adapting one's 
behavior accordingly. One niust suspend 
idiosyncratic behavipr.*" . • 



\ 



Learning (even in highly sophisticated, branching - . 
programs) is a linear,, step by step process. In 
learning from the- computer, one must "suspend 
creative insights/ intuitions, cognitive leaps, and 
other non-linear mental phenomena-. 



/My observations of people \using CAI materials oh 
computers have produced the following data: 

People are willing to give contfolyof the learning 
process to the computer for relatively short periods 
of time if . , y 

a) they are clear about what they want to learn 
and what the computer can\ teach them. 

b) they are highly mbtivatedHto learn some 
speci-fic subject or skill., ' /' 

v c) they can easily control t^he duration of 

interaction_and, are free to shiit it of f when they 
have had -enough . > / . - 

| People crave human ihteractieii, particularly when 
they feel they have learned Something and want /the 
chance to, tell someone else /about iti Therefore, to 
the extent that CAI is successful, time on-line 
needs to be mixed, with plenty of opportunities; for 
human interaction. J 

? -People Will spend considerable time exploring what's 
"ih ( the head" (or , for some children, "iri the \ 
heart ' ) op the computer because they become " • \ 

fascinated with what makes the program "tick, " how 
the program "thinks" of how it "feels." The more 
"intelligent" or "sensitive" the program pretends to 
be, the more most users will try to outwit Tt". V\ 
(Discovering the various ways the program will 
, respond to wrong answers usually produces gr<»at ' 

/ deli ? ht l \\ The "more " up-front"/ clear, straightforwar 
and consistent the program can. be in responding to \ 
the user, the less time' and energy the user will * 
spend trying to prove that he/she is smarter than 
., the-program, or in worrying about how the program 
feels.-'/ ' ' - 

To the extent the program permits,-, people love €o 
3ump around within the program structure, 
particularly when they feel they have somehow 
developed (probably in some non-linear Way) an 
- understanding o% what "the program is trying to 
teach. * it they /are locked into a tightly ♦ 
constrained sequence, they become frustrated and 
bored and very resistant to continuing -interactions 



/ 

/ 



with the program. 



A SimuTatroh Model 

I would lik^to contrast this CAI approach, and what I 
observe people learning from it, with two other approaches 
to the use of the computer^ one carefully contrived to 
engage* children in a different kind , of leaning, the other 
^deliberately structured not to teach at all\but rather to 
provide a toox v \for facilitating learning. 

In the SearLh simulations f t^ie computer plays a 
significant role for learning f but it is not central. The 
program explicitly insists that the interactions among a 
group 7 of people are critical for learning. The computer is 
necessary for learning, but not at all sufficient*. 




" Iti^Qeog ra p h y- Search f ~ the^ld a r ner be comes" a member of a 
ship's *<^w~-pn^a voyage of exploration. Background 
information heeded to undertake the voyage is provided in a 
bdbklet (books are stilJL wonderful fpxr reading) . The 
computer provides the crew of learners with data needed for 
each day's saijUand keeps a record of jthe voyage's progress. 
The task of the crew is to decide how J to. interpret the data 
and what action* to take next. There |is nothing to learn 
directly from the computer* The learnilhg takes place as yoijr 
crew .attempts to apply its growing knowledge /of navigation 
to the task 4£ finding gold in the i iew wp jcldv - Or, ofi a 
somewhat inore sophist icated^-iev^^ jpccurs as one 

wonders hoy evehts in the simulation dompare with actual 
historical eVenti or, with real problems in navigation. 



* The *pr;oblem solving involved is close enough to being 
real to engage the full mental faculties of each crew member 
and to prb fit from the special talents and capabilities that 
each member? of a group can contribute to a cooperative 
endeavor . . * > - ' , * 

"* ■> ^ * 

With programs like this, students are being taught some 
very different ideas about learning! <" 

* \ * " * - ' " \ 

Learning is an essentially human activity that is 
totally under human control and direction. 

Learning is inherently cooperative in nature and 
/ . dependent upon" human interaction. What people ^.now 
is what people are able to reach collabbrative 
understating about. y k 

Learning is not a matter of. adapting pne t! 8 thinking 
to the thinking of someone in control , out mpre a 
matter of contribUtihg to a shared understanding of 



something -and finding Ways to share that 
understanding. ; / 

Learning proceeds best in an en viro nment where it. i*. 
saie to make errors and to learn from those errors. 

Learning is botih exciting and pleasurable because it 
almost never proceeds in predictable ways. At times 
i under certain .conditions, a person's capacity to 

learn can be truly astounding. A 

■ 1 ' ' \ 

From classroom observations, one gets a 1 totally new 
perspective on the interactive nature of computing: 

There is very little, interaction with the computer. 
The computer program is a catalyst for multible 
levels of human interaction. 

No group of people, or individual within a group, 
learns the same 'things at the same time; There is 
both /wide variety amidst much commonality. The 
computer program provides a map for learning but 
with no constraints on the extent of exploration. 

People working collaboratiely learn so much about 
how to make the group process work. .Though the 
computer program sets a goal for this process, the 
many options for making the process work are open C 
"for experimentation. ,/ 



----------- ~\ > ^ / 

The most significant educational value of 
simulations is that they allow major mistakes to be 
m-vde without catastrophic consequences. Given the 
* opportunity, people can improve substantially in 
their capacity to profit from their own mistaken 

Though the computer program provides an extrinsic 
motivation for performing well, the motivation that 
is intrinsic tc performing well dominates people's 
behavior. . 



A Tool^ Model\ . 

' t 

Finally, a third kind of program teaches a different 
approach to learning because it produces a totally different 
range gf computer/human interactions. SemCalc (which stands 
for Semantic Calculator) turns the computer into a. 
sophisticated calculator, which can both calculate with 
numbers and with the referents for those numbers. It-- 
permits the user to carry out problem solving in a world 
where numbers, almost always refer to something. For 



\ 

example, consider the following problem; At Billy' s v 
birthday party , there were six cupcakes for eighteen 
children.. How maay„cupcakes were there for each child? A 
typical student response to this problem would be to say the 
answer is "three" (Most children divide the larger number by 
the smaller number , whatever the circumstances i ) . The answer 
is wrong on* several counts. First, arid most .important, the 
answer must have a referent.. Three what? 

By .keeping track of the "whats," the problem solver 
becomes mindful that a problem's solution must be stated in^ 
the same semantic terms as the problem's pficjinal question. 
So, in the /above problem, if the proper referent were 
attached tp the number, the answer would be "three children 
per candy bar . " Now there is nothing inherently wrong with 
this answer because it is true that there are three children 
per candy bar. However, by comparing this answer to the 
"original question that was asked, it is clear that this 
answer is not the answer desired. Therefore, the number 
that was calculate^ is also probably wrong. A recalculation 
of the problem produces the answer 0*33333333 candy bars per 
children. \ \ 

■ • - \ \ "". 

Now a shrewd Istudent might notice that there are still 
some problems with ±his answer. First of all, the numerical 
portion of the answer seems much too precise for the y 
circumstances described in the problem, so so»ae thought must 
be given to the most apropriate form— £or repot ting the 
answer. Secondly | the original question asked how many 
candy bars per child, and tlie answer of candy bars per * 
children is not qiiite the same, so the student must make a 
slight semantic adjustment here if it is warranted by the 
Circumstances. jV. \ 

This approacHHrformally known \as dimensional' analysis) 
has been a time-honored technique in college physics courses* 
and is now made available through the computer to students 
of almost any age. j It places in the Vtudent 1 a hands^a 
powerful analytic tool for exploring t-he solving df-problems 
involving quantities. Like its less soWisticaed cousin, 
the Hand calculator^ it carries out manipulations pf 
quantities with ease. But also like th* hand calculator, it 
has no intelligence and no explicit instructional purpose. 
It is purely a tool* as useful as the intelligence of its 
user, and also subject to the limitations of that 
intelligence. \ 

I believe that SemCalc reinforces the same attitudes 
toward learning ac the Search simulations. However, it goes 
a bit further iri placing the computer ijn the role ok tool 
and the person & the role of autonomous inquirer. \ 
Iraplicitely , it teaches, a most significant lesson about 



computer use: that* this technology can be immensely helpful - 
to ;per,sorp in their efforts to explore and understand their 
world, but^tha;t it will always reflect back to tliem the 
limitations of thfei^xiwn vision and wisdom. T,his may be the 
most important lesson tl^t^cdiiputers -can teach us for 
surviving and prospering in an el^ctriDhic, information-rich, 
society. Also, such learning may be the* 'only antidote to a 
dangerous but -growing tendency for people" to trust—the 
seemingly smart machine over their own intelligence. 

The most hopefuly sign I have seen recently is that 
there is a growing number of computer programs — still 
small compared with the mountain of CAI materials available 
— that use, the computer effectively as a learning tool and 
not as art' iristjuctional medium. We need good CAI to teach v 
some things. I have no arguement with the limited use of 
good CAI. But, far more important, we must help our 
students learn about the power of the computer as a tool for 
extending the reach of a person' s intelligence ] even 
consciousness. And in every decision we make about how we 
shall use computers in education, we should consider 
carefully and sensitively a IT the possible implications of 
our decisions for those "who— look^tc^ us for wisdom and 



7 gu ida nce. 




/ 




/ 



/ 




/ 



\ 



V 



90 

83 



references/readings 



Bus sis, Arine My Chittenden, Edward A. , and Amarel, 

Marianne, Beyond Surface Curriculum. Boulder: Westview N 
Preas, 1976. 194 pages. 

Callahan, Raymond E., Education and the Cult of Efficiency. 
Chicago: University of Chicago Press, 1962. 273 pages. 

Clinchy v "Blytlje and Rosenthal , Kristine M Analysis of 

Children's Errors." in Gerald S. Lesser (ed.), Psychology 
and Educational Practice. New York: Scott, Foresman & 
Co., 1971, pp. ^90-129. \ 

\ f 

Kay, Alan C. and Goldberg, Adele "Personal Dynamic Media." 
Computer, 10, 3 (March, 1977) f pp. 31-41.* 

EicXlider, J. C R. "Social and Economic Impacts of — _ 

Technology on Education. " Paper for joint hearings before 
the Subcommittee on Science, Research and Technology of 
the Committee oh Science /and Technolgy and tfte 
Siibcomittee on Select Educatioiv of the Committee on, 
Education and Labor; Hcuse of Representatives, 96th 
Congress, 2nd Session, April 2, 1980.. (Available as 
Document #134, Committer on Science and Technology, U.S. 
Ghovernment Printing Office, Washington, 1980.) < 

Olds, Henry EV "Through a New Looking Glass . " 

Microcomputing, 5, 9 (September, 1981), pp. 62-74. 

/ -i 
Olds, Henry F/, Schwartz, Judah L • , and Willie, Nancy , A., 
Peo ple and Computers ; Who Te aches vfhom? Newton, MA: 
^du^tibn iiievelopment center, 1980. 78. pages'. 

Rosenblatt, Roger "The Mind in the Machine." time ' 
\ (May 3, 1982), ppj 58^59.^ 

" -I' / 

Sadowski, Barbara R. arid Lbvett, Charles, Using. Computers / 

to Enhance Teaching and improve Teacher Centers. Houston: 

University of Houjston, 1981. 91 pages. . w 

Schwarts, Judah L. "The Semantic Claculatorr Solving the 
r Word-Problem Problem." Classroom Computer News, 2, 4 
(March/April, 1982), pp. 22-24; 

I - . 

Silbermiin,, Melvin L. (ed.), The Experience of Schooling. 
New York: Holt, ,Rinehart and Winston, 1971. 370 pages. 

. >° 

9 



ERIC 



91 84 



X 



_ShyJer, Thomas, Geography Search. New York-: McGraw-Hill 
Book Co.; 1982, Computer Diskette. 

Timnick, Lois "Electronic Bullies." Psychology Today, ' 
February, 1982), pp. 10-15. Y ' 



9 

ERIC 



85 



92 



vD 

GO 



EA 014 917 



CM 

cz 



THE MICROCOMPUTER REVOLUTION 
Harold C. Kinne 



The year of 1982 represents the first year of the new, e&axof the f 

microcomputer. The dramatic events of the hummer &£ 1981 completely . |. 

changed the microcomputer marketplace 'and in some manner legitimized | 

business use of the very small computer. The change has )E>een see^n in I 

ail" aspects of; this marketplace; in new hardware, new softtf k ar6, ancl a new 

user profile. "~\~~ r 

. » . " - v_ • > / ; > 

.Microcomputers are only 7 years old - the birth- of ^ the \ 
microcomputer industry Gan best jbd attributed to the cover story oh the 
MITS "Altair" computer kit in the January 1975 issue of Popular * 
Electronics magazine. The Altair was the first computer kit to be 
offered utilizing the newly developed microprocessor and its sales 
history astounded the world. Within the .first month after publication, 
MITS had firm otders for their estimated first three years of : „ 

production! Major manufacturers jumped on the bandwagon and by tnid-1977 
fully assembled computers were offered through a growing network of : 
computer retail stores. Many stores assembled computer^ from; kits and 
sold them with»their own assembly guarantee. Most provided consulting 
advice, service for both software and hardware, and provided repair 
facilities. The computer store was" the marketing phenomenon of the 
1970's. The first computer store opened in July 1975 in Santa Monica, 
California, there were 50 stores open by mid-1976, and nearly 500 by. 
mid-1977. These stores carried many brands of computers in both kit and 
assembled form. Many of the early computer manufacturers did not- 
survive in a very competitive market. The ^survivors 11 o,f. these early 
computers still viable today are the Commodore PET, which is said to 
stand for personal electronic transactor, the /Apple II, and the*Tandy 
Radio Shack TRS-80 Model 1. - 7 * : 



The Commodore PET was firat demonstrated at the National Computer 
Convention in Dallas, Texas during June 197// ^ The Apple 1 was- built by 
two young men, in California using money obtained by selling their van — 
money taken in in sales was used to producfe more which were sold to get 
rooiiey* to build more, etc. The acceptance ; of the Apple 1, a, printed . " 
circuit board, led to the design of the Apple II with its high-impact , 
plastic, space-age case and-the delightful logo of a rainbow colored 
apple with a bite out of it J Apple-had khe sense to obtain" professional 
business management; many competing companies failed to survive because 
they did not have good business management. Excellence of product is 
not necessarily an indicator of business success, in the microcomputer^ 
business at least. The Tandy Corporation entered the market with the 
TRS-80 Model 1 and frankly, Tandy did /not know what they had- when' they 
first sold this, computer'. / For several years Tandy, primarily a leather 
handicraft and electronic^ company, Reacted to their small computer 
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sajes the. t>ai t l seemingly wagged the ~ until they finally came to 
grips witB computer technology a, couple of years ago. With theit* string 
ot dedicated computer centers as well as some 7000 retaiL outlets, Tandy 
today a force to be reckoned with,. 

/ • • . •, 

I * These* then, Commodore, Apple, and Tandy, -w,ere* the'' first successful 
entrants into th<» small business marketplace. The^major Shortcoming of 
the dearly versions of these computers from a' business viewpoint was the 
T&ck- of a random access storage device. The itfdio cassette tape used 

/ for storage provided only sequential accessed stored files and was- far 
too slow tor most} business application?,. The development of the floppy 
disk brought businessmen into the imrfl computer marketplace in growing 
numbers during the last years of tW 197.61s ; Many other manufacturers 
combined an existing^computer/ system with their own business software 
and marketed the combination/as a privately labeled business system. 
There were dozens of these systems available .ranging fiom truly 
excellent to barely adequate. By the^ end of 1980; ther£ wete probably 
-600,000 small computers performing .sofne kind 6f business function in the 
United States alone. ' ? % 



h fe s^e ^b u s i n e ss microcomputers^ and/ certain of v the minicomputers, were 
frequently termed "Small Business Computers'*, or M SB<J"s. Most people 
linked "Small" with '"Justness 11 and coh^idered these Machines as ' 
computers for use with small businesses only. To an extent, fchts was a 
valid assumption. Language capability was largely restricted to BASIC, 
an Interpreted and relatively slow language-, and storage capacities were 
small,*Deing measured i/n kilobytes father than the multiple megtjbytes 
found, with the larger main-frame systems. The available business 

-programs were poorly written^ and difficult to maintain. The traditional 
Dat£ Processing professional and the Chief Executive Officers* of major 

, corporations did not feel comfortable ijv the /hobby environment of the \ 
small computer store or with the casual life style of the small computer 
programmer*; they stayed aw^y from small computers almost entirely." 

* 1 

,In 1980, at the National Computing Convention at Anaheim, 
California Apple introduced the first of a new Series of business 
oriented small Qomputejrs designed to appeal to the DP professional and 
the senior business manager; the Apple III. This introduction, 
unfortunately, was premature as quality control was riot yet up to 
satisfactory levels/ and the 'Apple III was effectively withdrawn from\ 
the -marketplace an^ reintroduced after the problems were resoLved in 
November •19Bl. / 'Th.e Apple III had a built in disk drive, an 80 column 
screen display so that word processing applications we^e feasible, a 
10-key pad so beloved by accountants, and an electronic spread sheet 
forecasting tool called VisiCalci 

- / . • • ' : ' ... 

In February and April of 1981 two new machines entered the 



°^o~ 



2r in a 



rhoi-r- m«^«i oon " on june y.tlu 1981 when Xerox introduced 

thexr Model 820 small computer a\id the characteristics of/tX ! w 
apparent to one and. all. These Characteristics seem to bt: Came ' 



systt 



1. The CP/M operating system to provide access to a 
•H wealth of proven software programs. 

• ESSS/* " ? q . uival T t electronic spreadsheet 
tqrecast-ing system. \ 

3/ An 80 column display £b\ effective word processine 
, typist's keyboard andWey pad. P rocessi "8- 

. 5. A- system cost under $5,0p0. 

: • / 

except h for S the Ur ;o P °" abl « Com P uter H all of these characteristics 

inserting an additional microprocessor 
run under CP/M and might be considered 
however, was the first to meet all the 
modification. 



a "brain transplant",, actually 
into the motherboard, it too can 
a true BSC The Xerox 820, 
characteristics without 



Xerox had the .BSC marketplace all to itself » .. L , 

Hewlett Packard announced eh .V-125 The f 25 It a U^e BSC " hen 
characteristics and was designed to looll like a „rTrl..< 1 u . 



in announcing the IBM Personal Counter, IBM broke vUn Tti j W " 



tradition in several aspects* For .the firstr trime I^M put Its JLogo on 
non-IBM produced components — j the printer is an .Epson (Seiko) printer 
from Japan and the CRT is of foreign manufactured For the first time 
IBM sold through non-IBM^retail outlets, namely Computerland franchise 
stores and the newly announced Sears Business Centers* For the first 
time JBM provided non-IBM software"; Microsoft BASIC language, Peachtree 
accounting software, and VisiCalc* 



Response was amazing — somehow the 4 entry of IBM and Xerox 
legitimized the small computer arm Data processing professionals and 
senior* managers began to khow" up in smap -computer retail outlets where 
they would^not have been caught dead a year or two before* The entry of 
IBM and Xerox seems to have^fnade businessmen realize that there was 
something to the business j^mall computer , that it was not going to, go 
away, and that they shoulo iget out and look seriously at them. They 
appear to have done just^tnat and the sales of Apple, Tandy Radio Shack, 
Commodore and others w^f up as^well as thp$e of - IBM^ ^Hewlett Paekaifd^--- 
and Xeroxj* This chanM jin attitude toward ,the- small computer 
marketplace had a positive effect qn sales, of all small computers. -/The 
extensive advertising campaigns put on by these larger corporations has 
kep,t the small computer in the public eye and may wej.1 haye contributed 
to this widespread acceptance. By the end of 1981, there were estimated 
to be about 1 million, small' computer^ at work in*the v busines^'worldd. 
Our'best guess currently is that an additional million will be sold 
during 1982 and that this market will double in the" next 18 months. -to 2 
years. * * 



New computers for this marketplace are being Announced p€emingly 
every day. ' At the Computer Dealers Exposition, COMDEX, last November 
the Fortune 32-bit computer was unVeiled. In,the fall of 1 1981 the \ 
Victor 9000 was shown - a machine designed by the designer of the 
original Commodore PET. In January of this0«ar, Tandy announced the £ 
TRS-80 Model 16 business computer system amFan upgrade kit for thefr 
tU'rrent Model II business systems. "Cromemcb, one *of the oldest of the 
California computer manufacturers, announced new models that fit the BSC 
criteria. A joint venture between* TRW and the Fujitsu group in Japan 
-annouhfced a business computer' called the Affinity 16. As of this ■> 
writing, Apple, Digital Equipment Corporation, Xerox, ,and Tandy have all 
indicated that they; will announce new products in the late spring of 
•1982, probably before this papier is presented. 1981 was the* 
microcomputer industry's first billion dollar Vear. 198? should clear ' 
the two' billion dollar hurdle easily and a five billion dollar .per annum, 
industry seems to be in the cards, for the middle of this decade at the 
latest. With growing educational and sootal usfcs for jsma 11 computers,., 
with their demonstrated business* utility, and with their pervasiveness^ 
throughout our complex society^, our Vive.s may never be the s^me again. 



EA 014 918 



so 
oo 

A MICROGOMPUtel^/VIDEODISC SYSTEM 
(\J „ .FOR DELIVERING COMPUTER ASSISTED 

Q INSTRUCTION TO MENTALLY HANDICAPPED 

LU st&dents 



Ron thorkildsen 
Assistant Professor 
Department of Instructional Technology 
Utah State University 



The -hardware and software system and instructional programs described 

in this paper were developed by the staff of the Interactive Videodisc f or 

, Special Education, Technology Projefct (-IVSETh^Ther^pr^ is funded by a 
grant from the U.S. Office of Special Education, and is currently being 
conducted' at Utah State University; The primary goal 1 of the project is to 
develop and field test a system to provide Computer Assisted Instruction 
(CAI) for mentally handicapped students/ 

Because traditional CAI methods assume reading skills they are not 
suitable for a majority of the population of mentally handicapped students. 
Consequently.,. _±t.j.s. necessity to use spoken instructions. Recently developed 
videodisc players coupled with a microcomputer provide the technology to 
deliver spoken instructions. 

/ The hardware for the Micro Computer/Videodisc (MCVD) Sys;tem consists of 
aiPioneer Model, 7820, III Videodisc Player, an Apple II microcomputer with two 
5 1/4" floppy disc drives, « SONY 12" color monitor and a Corfoll Mgf . touch 
panel built into, thd monitor. The videodisc player was selected for its 
rapid, random access capabilities. A typical search and- retrieval of an 
| instruction or feedback segment takes less than 1 second. The touch panel 
t is a light interrupt systemHhat allows the student to interact with the 
j system by touching the monitor* screen. The Apple II controls the system 
: through computer programs and/an' inter face device (slot board). Both wera ' 
; designed and developed by IVSET Project staff. The videodisc, system consists j 
of the player and the videodisc. In this paper the videodisc system is- referred f 
to as the videodisc The videodisc is the storage medium, has, the approximate/ 
size and appearance of an LP phonograph record . It is capable of storing 54,000 
individual frames of video or 30 minutes of audio and motion video on each side. 
It also has duel audio tracks. " 

The 7820 III player is the industrial videodisc model, which has its 5wh 
microprocessor and has rapid randoii access capabilities. Any position on the 
videodisc can be accessed and retrieved in less than 3 seconds. It has excellent! 
still frame capabilities, and the/ audio and video reproduction is excellent. j 
The system interacts with the student by presenting an aUdio instruction and] 
the associated visual image on the monitor. e j 

The student responds by touching the image of an object on the monitoruscre<e^ 
When the student touches the screen, two light beam^. transmtt^^romTeach ^axis 
of the touch panel are interrupted, and the point of interruptions is detected,^ 
the touch panel. The X and Y coordinates_are ^therTtransmitted to the computer. 
The computer program in the microcomputer contains the correct coordinates for 
each segment of instrjictte^ coordinates transmitted by the touch panel are 
compared to these correct coordinates. 

r 



Page Two f 
A Microcomputer/V deodisc System ^ 

'V 

On a correct response, the microcomputer responds by finding and 
retrieving a segment on the videodisc which contains audio and visual 
positive feedback. Other possible response conditions? are an incorrect re- 
sponse, and a non-response. Recorded segments are contained on the video- . 
disc for these response conditions as- well as. a variety of feedback,, including, 
animation and motion-picture sequences-- , 

Each segment of instruction has associated parameters that specify the 
.number of .times a student must respond correctly to advance to the next 
instruction segment. As the student interacts with the system; data are 
collected by t^e microcomputer and stored on a flippy disc by the Apple- 
% ciisk drive. 

Six~i^i^uctiora~p^ 

to date: (I) Matching Sizes,. Shapes and Colors, (2) Time Telling, (3) Identifi- 
cation of Coins, .(4) Functional Words, (5) Sight Reading, and (6) Directional 
Prepositions. The first four programs have been field tested with moderately 
mentally handicapped students. Programs 4 and 5 azp presently being field 
tested in elementary resource rooms. 
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PROFESSIONAL COMPUTER EDUCATION ORGANIZATIONS ~ 
A RESOURCE FOR ADMINISTRATORS 

Dick Ricketts 

j 

"Continuous training... is of particular impor- 
tance in knowledge wor k. The very fact that 
^knowledge work, to be effective, has to be 

specialized~createc-v v need for continuous exf- 

posure to the experiences , the problems, the 
needs of others, and in turn, for continuous 
.contribution of knowledge and information to/ 
others." ' ^ 

— - - — - Peter F. Drucker 



The Northwest Council for Computer Education expected that as 
many as 500-666 people mig(ht' come to its annual two^-day conference 
this spring. Over 900 attended. Though the fee was $20, NCCE 
cleared oyer $iM,000. The first Rocky Mountain Computer Conference 
sold out five Weeks in advance. According to Dpian, ''One speaker 
said that the four teachers who rode with him spent the four hours 
driving home in constant conversation about various sections they 
had attended. He reported later that he had nev£r seen these f olgs 
so fired up; 'They talk more about that meeting and Jiow^fhey want 
to implement computing in their classes than-f?ve heard them talk 
in five years* 1 " - - 

Acrojts^fche United States and Canada, professional computer 
education organizations report similar resuitiT : Mahy of these 
groups did not exist five years ago. Now they are producing news- 
letters, sponsoring programming contests, or participating in soft- 
ware swaps. 



This work is done by volunteers, many of whom are driven by a 
sense of urgency* Their reasons for acting through professional- 
computer education organizations are in ? par t traditional: 

1. Members view their work as an important contribution 
to society. / * 

2. Members find a measure of self -fulfillment through 
participation. , 

3. Members recognize that organizations: 

a. "Facilitate a more effective cooperation among 
members of the profession* 

b. "Promote a more general and methodical discussion 
pf problems relating to education. 

c. "Create means for the authoritative expression of 
public opinion. 



d. "Make collective action possible* 

e. "Maintain and advance the standards and ideals of 
the profession.^ (Report of the committee to form 
the American Association of University Professors.) 

This list applies to all professional education organizations* 
The urgency computer educators feel comes from the change—the emer- 
gence of computer civilization and change in instructional completing. 
Logo arid Pascal are competing with' BASIC as the language of choice, 
for teaching programming. New and revised instructional software ' 
is becoming- available faster than it currently can be reviewed^J^ - 
Prices of equipment decrease and capabilities increase^^In^i'976 r 
$100$ would buy a computer that stored 16,000 characters and had 
primitive graphics on a black and whrte^screen. By 1$83* $1000 will 
buy a c6fipPEFr~£ta^^ arid has good quality 



^By~ planning for or finding money for staff to attend confer- 
ences, atoiriistrato^^shbw they are aware that computer education 
is becoming more -important and that instructional computing may 
contribute greatly to effective schools. Richard ;H. Hersh, Associate 
Provost/ Research, at the University of Oregon has listed attributes 



graphics on a TOlor jfcreeiu 



of effective schools: 



ATTRIBUTE 



POSSIBLE COMPUTER SUPPORT^ 



Clear academic and social be- A data base program that re- 
havior goals. lates student achievement to 

these goals* 



Order and discipline. Peer pressure tO*Vespect com- 

puter equipment. 



High expectations. 




(1) Programs that provide feed- 
back 7 ^ that staff and students 



le operation of computer 



/ 



(3) Programs that facilitate 
investigation beyond the nor- 
mal curriculum. 



Belief by teachers in 
-their efficacy. 



A data base program that pro- 
vides teachers with reports of 
student progress. 



Pervasive caring. 



^Computer programs should be 
user-friendly. People care. 



Public rewards and in- 
centives.* 



"Free" computer time for students 
who achieve agreed-upon goals. 
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Administrative leadership. 



Community support; 



High academic learning 
time. 

Frequent and monitored 
homework. 



Word processing to communicate 
morV effectively in less time. 

Computer fairs and demonstrations 
before community groups. 

Inherent in running /programs. 



Gradebook programs that generate 
letters to parents, regarding 
homework status. 



Frequent "monitoring of 
.student progress. 

Curriculum (arSr materials) 
closely related to goals. 



Variety of. teaching stra- 
tegies. 

Opportunities for student 
responsibility. 



Reporting routines in computer- 
assisted instruction systems. 

(1) Programs written or modified 
by staff (a time-consuming 
effort) . 

(2) IEP-generatirig programs. 

Logo, text editors, graphing / 
programs, etc. 

Student-wri|ten programs for 
school use, student aides, 
students teaching adults. 



\ Administrators are exercising leadership regarding these and 
.many_jather issues.^ Sinc e nobody can specialize in everything, j 
administrators need to ask the computer education staff for ideas 
and information about costs, feasibility, and effectiveness of 
computer-related innovations. The staff in turn can tap contacts 
and information available through their local, regional, or inter- 
national organizations. If a proposal is implemented, educators who 
have made presentations at conferences can provide effective inser- 
vices. 

It is possible for educational agencies and professional computer 
education organizations to work together more formally. SOFTSWAP, 
an outstanding example, has distributed hundreds of programs to 
thousands of locations at low cost. Computer-Using Educators (CUE) 
and the San Mateo County Office of Education made this arrangement: 



CUE agreed to: , 

1. Provide guidance in the selection, evaluation and catalog- 
ing of software. ' 



\ 



2 X . Provide assistance in the selection and evaluation of hard- 
ware. * 

3. ^Provide publicity and' support through its newsletter and 
members' contacts. 



/ 



Provide funds for the software exchange as needed and as 
approved by the CUE Executive Board. 

Seek external funding through federal projects, industry 
grants, etc. 

6. Seek donations of supplies and equipment through contacts 
of CUE members with industry. ^ ~ 

The San Mateo County Office of Education agreed to: 

1. Provide a central, jperraanent, accessible and secure lo- - 
cation for the software library. ^ 

2. Provide clerical staff to assist visitors in operating 
equipment and in duplicating the non-copyrighted programs. 

3. Develop procedures for filling requests for software 
received by telephone or by mail. 

"~ 41 Purchase a Irimi t^^wipant of cohere ial^sof tware- selected 
to represent exemplary programs in various subject areas. 

5. Organize and maintain a catalog of available programs. 

6. Provide professional staff direction for the project. 

(From the Report to the Board,. San* Mateo County, Office of Education, 
333 Main St., Redwood City, CA 94063, May 7, 1980,, "Microcomputer 
Center^" prepared Ann Lathrpp.) \ 

Each organization is doing what it can do best> and the result is 
benefitting education throughout the United States and Canada. 

Administrators may not often be involved in such arrangements, 
but they can improve sch^lredntinu^ use of profess 

tional organizations. They can ask their staff to show them items 
in professional publications that address schoo^fedhcerns; they can 
inquire about conferences ^r meetings staff attended; .and they can 
talk-over results when the staff puts into practice what they h*ve, 
leajrned. Using prof essidnal organizations as a resource Will >ake 
administrators and staffs more productive. / 




A Note About Organizations 



Almost^every brand of computer has a user's group, some- 
thing like a fan club populated by enthusiasts, Memters_eagerly 
offer advice and opinions regarding that brand. 

j Local computer educator groups offer friendly, informative 
Meetings. They are an excellent resource for, a person consider|\ 
ing buying a computer for personal use. 

Three international computer organizations' are of most interest 
i:o K^12 educators. The Association for Computing Machinery (ACM) 
is a professional organization primarily for computer scientists, 
but they have an elementary anc^ secondary schools subcommittee \ 
(Dr. David Moursurid, Universi^y^of^Oregon, Chairrtan) . Local \ 
chapters are often willing to particiJate^Ln jrfucational projects 
if asked. ACM 1 s address is 11 West 42nd St. r New^York, r ^NY 10036. 
(212) 869-7440. - \ 



The Association for Educational Data Systems (AEDS) is con- 1 
cerned with both administrative data processing and instructional 
computing. Local chapters place their emphasis according to the 
composition of their membership. AEDS sponsors an annual pro? 
gramming contest for students, and some /chapters offer scholarships 
to high school students. AEDS ' addres^ is 1201 Sixteenth St. ,NW, 
Washington, D.C. 20036- (202) 822-7845. 



The International Council for Computers in Education (ICCE) 
is concerned with instructional computing and with teacher education. 
Organization Members are autonomous, and many are affiliated with 
other organizations. ICCE is the youngest of the three organi- 
zations arid is growing rapidly. ICCE's address is Department -of 
Computer and Information Science, University <of Oregon, Eugene, 
OR 97403. (503) 686-4429. 

Several specialized and regional professional organizations 
exist f and many educational organizations take some interest in 
instructional computing, The National Council of \ Teachers -*bf 
Mathematics in particular. j 

- - // 



/ 
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LITERATURE RESOURCES RELATING t6 COMPUTER SCIENCE 
EDUCATION IN SMALL COLLEGES 



Gerald L. En gel 
Computer Science Pepartment 
"Christopher Newport College 
50 Sh^e Lane 

NewportsJfews , Vl-rglnl^ 23606 



Introduction 



The development of academic computer science has generated a 
rich literature ovjer the years, however, those of^li^^cjiarged with 
the responsibilities for programs, especially in smaller^olleges , 
sometimes^ find it! difficult to remain current in all its aspects. 
At this time there is intense pressure on all of us to implement 
new programs or expand existing ones due to an equally 'intense 
pressure from ^students hoping to enter the computer field. AL1 

il^ls fur t he r c ompli c a t e d by the fact that expanding faculty 
posltlotTBjS^ at ^est dTfllluilT, and even ^hen^a~ prosdt-ioti is 
granted it 1 
dividual . 



♦ 



rfikitt to impossible to fill it with a qualified in- 



As a result it becomes all the more important that we learn 
from each other what approaches to computer science education are 
most effective. With various professional societies moving ever 
closer to some form of accreditation for programs in compater 
science. It becomes an urgent matter to have a good understanding 
of the nationally recommended curricula and knowledge of the* 
experiences gained in their implementation. 

It is tile purpose of this paper to" briefly identify key re- 
sources regarding computer science education at small colleges. 
As such, the major emphasis Is on" the reference list appearing at 
the end of the paper. Included in it are significant papers and 
Reports dealing with computer scilnce education which are either 
written by individuals at small colleges, or are addressing topics 
which are of particular importance to individuals at small , colleges • 
This refer^xice list is preceded by a brief discussion— which clas- 
sifies the material into appropriate topics. 

- ^ v • - * , 

■ As in my literature review, there are,, no doubt, significant 
omissions. .Some 'are intended , others were simply missed. The 
reader of this report is encouraged to communicate any thoughts 
on other references which should be included to the author,. 
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\ Background 

This review will, for the most part, consider only materials 
publis-hed after 1978. An extensive review of the literature of 
computer science education for the period 1968-1978 has -been 
prepared by Austing , James , and Engel (A7). Another key back- 
ground document „is the compendium of curriculum material re- ( 
cently prepared by the Education Board of the Association for 
Computing Machinery (AM). This document includes the significant 
reports prepared by ACM prior to 1978 as well as some of the more 
recent wbrks (El). There are eight reports, on th6 following topics 

1. Ttie 1968 recommendations for undergraduate programs in 
1 computer science. - 

2 : . \The 1972 recommendations for graduate programs in infor- 
ma triOiV ;»y^: ems-. 

* 3. The 1973 recommendations for programs at small colleges. 
r 4. The 1973 recommendation^ for undergraduate programs in 
— lhf.o.r.ma.tion s y s terns. 

5. Tne 1978. recommendations for undergraduate programs in 
computer science. . 1 

6. The 198P recommendations for master ' s- level programs in - 
computer science. 

The\l981 recommendations for educational for educational 

programs in information systems. 

8. 'The 1981 recommendations for associate level programs in 

/computer programming. 

As such, this document represints, perhaps the most important singl 
source to supply background information for curriculum planning. 

The Recommendations of the Professional Societies 

The major professional societies have prepared recommended, or 
model, curricula 6f interest, to the small colleges, which may be 
classified- into fiwe groupings: { 

~ 1. The undergraduate program in computer science by ACM (A6) . 

2. " Programs in information systems by ACM (N2, C12) . 

3. The Undergiaduate program in computer inf ormation systems , 
by the Dat,a\ Processing Management Association (DPMAy Ul). 

4. The general\mathematacal sciences- program by the Co ejittee 
on the Undergraduate Program in Mathematics (CUPM) (C6) . 

- . < \ ' - 



7. 



— * J 1 

5-. The undergraduate program in computer science-.. ang_ 

englnee'r^ng - ^" the IEEE Computer Society (XEEEf^^GI) - 

While the IEEE/CS,,, DPMA, and ACM reports emphasize in^ or 
programs in computer science,, the CUPM recommendations consider 
how computer science fits Into the ma t h epAtl-cs^ cur r i c u 1 um an d 
suggests a minor in computer science. * , • 4 

. " '• ' . * .'.'„-''*•» *"'- 

There have been a number of articles which review; the curric- 
ulum recommendations,. , Nunameker has prepared a discussion of the 
ACM curri culunK in information systems- (N3) . .An evaluation of the 
DP MA model was presented by Mitchell and Westfall (M44)..* Fin any* 
there have been several reports comparing the ACM 'Curriculum -7 8 
-with £he IEEE/CS M^del Curriculum. Among these are the' articles 
by Ehgel and Garcia /X N E5.j * ES) . I v ^ ,. 

iThe implementations xpf these guidelines, (especially as they 
Velatjes to the small .college, has . been addressed by a number of 
authors. 'Among those/ addressing" the implementation, considerations 
with "Curriculum are Fosberg (F3), Millejr >and Petef sonfMlO) , 

D*ries and Gargant/ni (D4) , Mayer (M4), Engel (E3) , Lopez (KX* . 
Worland (W6) , and, Winrich and Petersen (W5).. Specific details -. 
on how "Curriculum '78" might- Inipact student development was dis-r 
cussed in. position papers 'for a panel Moderated by Dale (Dl). , 

How the interaction of "Curriculum J 7«" and the Model Curri- 
culum of the IEEE/CS might be used in a curriculum implementation - 
was discussed in. a panel moderated by Rine <&2), and in paperp' 
by Mitchell and Mabis.(M13), and Powell (PI). The implementation 
of programs in-ihformation systems was considered by Barrett, (B4).J 
Gerlash and'^Goroff (Gl), and Swanson, Hatch, Lane and Sondak (S8-W 

Accreditation mechanisms have an obvious relation to /the, im r | 
piemen tat ion of proposed curriculum models. The general /area of 
accreditation was addressed i.n\a paneF discussion moderated by 
Dalphin (D2) , ^ahd theXspecific area of acCrediteEioji in informa- 
tion systems is addressed by Gorgone, Sondak a'nd Konsynski .1G2) 

Course Related Issues ' - 

A great deal of material has been prepared covering aspects ^ 
of partf%ilar courses. Courses are considered - at all levels, ai^$* 
the curriculum and thfe articles tend to concentrate on: par tUcutar 
problems encountered and solutions found. 

The beginning course, or^4°urses, has received/the greatest ^ 
coverage. Gruener and Grazlano (G50 and * Lemos (L2 )^dis\cuss B studio 
of the first course and the teaching of programming language's . 
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Sevesal papers consider alternative approaches to tfie first course. 
Stoddard, Sedlmeyer and Lee (S7). and Stbdderdj and Leeper (S6) • 
consider the issue of / depth" *£ coverage. S^rTajka. and Walch (S10) 
discuss the 1 integration of theory and practice.. Dershem (D6) •■ 
presents a modular approach. Bowles (B8) discusses th,£ ; ^sre vi pf ' 
microcomputers at this level* Riley (Rl) considers/ the role; of. . 
problem solving in the first course. More general discussions of 
the first /course are* provided by Benard (B7), Be nor op* And Sharma 
(B$ j £ and Meirike and beidler. (M7) . 4 , 

/Descriptions of the eecjorfd bourse in the, curriculum sequence 1 
are presented , by Nootian (Nl$ a>;d Meinke and Beidler (M6^ , The role 
of style end good programming practices is discussed by Albert (A4),. 
Roth (R5), and Rohr U4) . More general itbpics are also considered. 
Crenshaw (CIO)' discusses team projects, killer (M9) considers 
methods for the evaluation o%-'studerit work.' Cleveland (C4) presents 

-a method of teaching pr^grammingJjUanguages; The special role of 

Pascal within information science programs is discussed by Merrit* 

(M8)«.. • ^ '' ' .- ;'. ' ' .« 8/ 

♦ Descriptions of aspects, of intermediate and advapced computer 
science- courses ' include a discussion of topis to assist^in the 



teaching of data structures by Beidler and Meipke (B6)., description 
of a hardware course by Cook (C8) , and discussion of a machine \ 
independent assembler by Luce /(L8) . Systems programming has re- 
eeived considerable attention including a. discussion of the problems 
Students of such a conrse may ha**: when they leave school by Conner 
and DeJong (C7 ) , a laboratory to support-- the course by Lees (LI) , 
the use of projects in the coUrse by Wadland (Wl) , and a general , 
discussion by Winner (W4). Rohr (R3) considers tools to be used 
in a compiler construction course* . 

Additional courses have Received attention in the literature. 
These include systems analysis, and design by Goroff (G3) and Spe.nce 
and Groat (S5) , Computers and the Law by/Roth (R6) and Koltun (Kl) , 
graphics by Moore (Ml 5) , microcomputer/studies by Lin (13), firm- 
ware development by Cook (C9) , and natural language processing by 
Fosberg f*2) . Stalajka (S9) discusses the. special needs for 
statistics in a computer science program, and Schrage and Sharp 
(SI) consider the supporting computer laboratory necessary through- 
out- the curriculum. , s '-'< • - ' ' ■ 



Program Related If sue g- 



'-■7 s 3k 



Philosophical issuks regarding computer se *ejj$£- projgtfai»j| * s^ 
pecially at small cdMlekes are presented by Agresti , (a2) , Brackets 
Nestmari./and Spees (B9) >Crosland and Codespoti (Cll), Cameron 
lid *lrian (C2) , Chrlsmen (C3)-,. D' heedhe (D7) , Horton ( : H7) , Mitchell 
(M12),~Mein (M5) , and Smittf. (S3 )7^he4.e ^issues expanded to cover all 
of academic computing at minority instiruti^a are discUssed^y 
Marshall (Ml, M2), Marshall, Alderman, and JaWX (M3) , and Hamblert, 
Jones,. Lewis," and Marshall (H4), ^ 
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• •• . .■ ,,• ■ , ~\ ■■ 

/ ienWehj Tonies, and -Fletcher (Jl) and Falrley (FI) preieTtt 
descriptions of * an undergraduate program in software engineering. 
Minors arid other aufermajor -.course sequences are discussed by 
Linder- (L4>, Ellison (E2) an^'Ahlgren , .Sapega and Warner (A3). 

' yy ~ - - ^ - ' ' * 

" ^ The sp.ecia"lf; ; ^ole o,f mathematics in the computer science; curric- 
ulum is covered a p;apef by Hiritz (H6)/ and in a panel discussion 
fcoderat;ed by Archiba'fd (A^?):. Addit-ional/.program related topics 
include an accelerated program* by S.hatnara and Behforooz, (~S2) 
woric experience by Dersh^m (D5)^ the use. of an- advisory board by 
G^u% ; jand ins v^G4) ,/ behavioral , ; obj ectives by Baldwin (B3) ^ .service 
courli^y. M^chell (Mil),,, and the role of structured programming 
by Weinel: (W3) x . - . , * " " I - , V ^ J** ' 

V Other Material 



Perhaps' trie most complete description of what is going on is 
con t kXnecl ~i ~nT th e "c o mp f e he h af ve~s u rvey of computing "in U. ST higher 
education Hamblen and Baird (H3). This is supplemented by a 

~~ col Legation, of interpretive reports based on; the survey and edited 
by Hamblen and tan&U's (H5) . Specific attention, to the data as . 
M relaxes to small colleges was prepared by Engel (E4) . Lopez, 
Raymond "and Tardif f *(L7) also prepared a suirvey of computef^- 

^science. offerings at small colleges. ' 

5 *|/ ' ' f - . . . / . 

The initiatibn or expansion of programs usually requires aiy 
: 'evaluation of need # Hamblen (HI, H2) has prepared comprehensive } 
" reports on the projected demand for computer scientists by state's^, 
,^as well as the pro j ec tejd supply that is to be ant icipated . *Bailes f , 
„(B1), and Bailes and Couhtermi-ne (B2) consider the related question 
of faculty to .teach ih' computer science programs . Codespoti ^and 
ays (C5) discuss a method for the preparation of faculty. 

V - ' ' - - ,/ 

Additional material of interests includes discussions of the 
personal computer in the curriculum by Walstrom and Rine (W2) , 
arid Lopez (L6),/and programs for adult continuing education by 
Solntself (S4) .and practicing programmers by Danielson l(D3). 



/ 

/ 

/ 



105 



ilO 



1 



I 



References 



-M. Adams, David R. (ed..).. DPMA Education Foundation Model 
I Curriculum for Undergraduate Computer Information Systems 

/ EducatlonT DPMA Education Foundation, Park Ridge, Illinois, 

1981, ' 

A2V AgrestiV William W. . "An Interdisciplinary Approach to Com- 
puter" Scisnce. 11 Proceedings 17th Annual AEDS Convention , 
AEDS, Washington, D.C. , 1979, 219^221. 

A3. Ahlgren, D. , A. Sapega and H.. Warner. "A Sequence of Computing 
ft-' Courses for Liberal Arts Colleges." SIGCSE Bulletin 10., 1 
(February 1978) 180-182. - 



A r 4* Alpert, Elizabeth. "Use of Programming. Methodology in Intro- 
ductory Computer Science Courses." ■ Proceedings, NECC-2 , - 
National Educational Computing 'Conference.,., The University 
. of Iowa, Iowa City., Iowa, 1980, 96-102. 



A5, Archibald, Julius A. j Jr^Hmoder-art^r)? "Panel. Discussion : ^ 
the" Mathematics^G^Sfponent/of the Undergraduate Curriculum 

: ^p;»mpnv^ J s7rience.'! !- sj#&CE Bulletin 13, 1 (February 

• l98lf 104-108. ^ ! . \ ■ 

A6. Ails ting, Richard H. , Bruce H. Barnes, Delia T. Bonnette, \ 
Gerald L. Engel and Gordon Stokes (eds. ). "Curriculum 
'7.8, Recommendations for the /Undergraduate Program in 
Computer Science." Communications of the ACM 22, 3 \ 
. (March 1979) 147-166. 

A7. Austing, Richard H. Bruce H. Barnes and Gerald L. Engel. 

"A Survey of t\e Literature in Computer Science Education 
Since Curriculum '68." Communications of the ACM 20, 1 
(January 1977) 13-21 . , ~ ' ~" '■ 

Bi. Bailes, Gordon. "Computer Science (1979.)". STGSCE Bulletin' 
12, .1 (February 1980) 193-197. . 



\ 



B2. Bailes, Gordon L. and Terry A. Countermine.. "Computer 

Science (1978): Enrollment, Faculty and Recruiting. SIGCSE 
Bulletin 11,. 2 (Jurie\1979) 43-51; 

7 ' '"- . 

B3. Baldwin, Lynn J.. "Quaai.-Behavioral Objectives for Curriculum 
Specifications." SIGCSE Bulletin 10, 3 (August 1978) M. 
, ' /! • ' ' 

B4. Barrett, Robert A.. "A Five Course Sequence f or Inf option 
Systems." SIGCSE Bulletin 14, 1 (February 1982) 114-122. 

* f 
106 • 



B5. 



B6. 



B7. 



B8. 



BeHforroz^ Al and Onkar P, Sharma. "A One Ye&r Intro- 
ductory Course for Computer Science Undergraduate 
?-r*5gr.Am8."" SIGSCE Bulletin 13, 1 (February* 1981) 46^49. 

Beldlei, John and John Meinke. "A Software Tool for Teaching 

Data , Structures." SIGCSE Bulletin 10, 3 (August 1978) 
/'i20^i25. 



Bena.rd, Mark. "A Foundation Course for a Developing Comput 
y Science Program." SIGCSE Bulletin 13, 1 (February 1981) 
' 188-191. 

Bowles, Kenneth L.. "A CS1 Course Based on Stand-Alone 
Microcomputers." SIGCSE Bulletin 10, 1 (February 1978) 
e 125-127. ' 



B9. 



CI. 



C2. 



Brackett , . Gail B. , Chadwick . Nestman and Emil R. Spees 

"Computer Science Education and t lie- 'ideal of Liberal Arts." 
SIGCSE Buiietin 10, 3 (August 1978). 

Cain, J.T.. (ed.);. A Curriculum in Computer Science, apd - Enlgin 
eering : Committee Report / IEEE Computer Socie t^^I^ong 
Beach, California, 1977 . > ^<>: — 7 



Cameron,. J. S. and Z. A. Karian. "Computer Science Curricula 
for Small .Colleges. 11 SIGCSE Bulletin, 11, 1 (February lj>79) 
215-219. r 



C3. 



C4. 



' \ 



C5. 



C6. 



C7. 



Chrisman, Carol. "A Pragmatic Unde^r graduate Curriculum ; 
Description and Rationale/ 11 SIGCSE Bulletin 12, 3 (Sept- 
ember 1980) 20-26. 



Cleveland, Linore. "A Successful' Experience with Programming 
Languages at a Liberal Arts CoH/ege. 11 Proceedings NECfc-81 , 
National Educational Computing Conference, The Uriiversji ty 
ojf Iowa, Iowa City, Iowa, 1981, |54-rl60. 

CodesVojti, D. J. and J. C. Bays i /"The University of South 
Cardlina Computer Science Ins tjtute . " SIGCSE Bullettft 12, 
1 (-February 1980) 20,8-211* \ jj 

Committee on the Undergraduate Ftogram in Mathematics fCUPM) . 
Recommendations on ji General Mathematical Sciences Program - 
Mithlmatical Association of A'mer ica , Washington^ D; CL , 1981. 

Conner, William M. and Kenneth/D. DeJong. "The Academiic/ 

Industry G&p in Systems Programming and Operating Systems. 11 
^ SIGCSE Bulletin 11, 1 (February 1979) 118-126. / 



107 



ERIC 



\ 

\ 



C8. Cook, Robert N. . "A Hardware Course for a Software Curri- 
\culum." SIGCSE Bulletin. 12, 2 (June 1981) J. 7 -2,2. 

C9. Cook, Robert N . . "Firmware D eve 1 o p men t " P r o c eed in g s NECC - 
81* National Educational Computing Conference, the 
University of Iowa, Iowa City,; Iowa, 1981, 198-205. 

CIO. Crenshaw, John H. . "Team Projects in the Undergraduate Curri- 
_ cuium." SIGCSE Bulletin 10, 1: (February 1978) 203-205. 

Cll. Cro8land\ A. and D. Codespoti. "The New Computer Science: 
Tt-sMeers Many Needs." SIGCSE Bulletin . 14, 1 (February 
198^) 18A-1.87. 

C12. Curriculum Committee on Information Systems, /ACM. Curriculum 
1 81, RecomVend at ions fg_r Programs in Information Systems at. 
the" Undergraduate and /Graduate Levels . ' ACM, New York, 
New" York, 4.9 V 82. / 

Dl. Dale, Nell (moderator). "Panel Discussion: Curriculum '78: 
Consequences fW the Student Profile." SIGCSE Bulletin 11, 
1 (February 197\9) 87-88. 

D2. , Dal-phin, John F. (moderator). "Panel Discussion: Computer 
Science Approval/Accreditation. " SIGCSE Bulletin 14, 1 
(February 1982). V 

D3. Danielson, Ronald L. A" Educating the Working Computer 

Scientist: A Survey and Analysis." SIGCSE Bulletin 13* 1 
(February 1981) 10 9- 1^3. 

D4. Davies, D J. M. and I. GArgantini. "Computer Science at 

Western: Experience with . Curriculum '78 in a Time-Sharing 
Environment." SIGCSE Bulletin 13, 1 (February 1981) 227- 

- ' , 234. • \ • " ; ' • 

D5. Dershem,, Herbert L.. "An Expedience Component for Undergraduate 
/ Computer Science Education. n \ SIGCSE Bulletin 10, 1 (Feb- 

ruary 1?978) 24n26. \ ' 

D6. Dershem, Herbert L. . "A Modular introductory Computer Science. 
Course." SIGCSE Buile-tin 13, lV(Tebruary 1981) 177-18: 

D7. D'heedne, Robert N ..■ "Computer Scitfnce in a Liberal Arts 

Environment. " SIGCSE Bulletin 14 \ 1 (February 1982) 232- 

- ■ i3i - . / ", \ ' / 

El. Education Board A/CM*. ACM Recommended Curricula for Computer 
Science and Information Processing in\Co lieges and Univer- 
sities 196 3-1978 . ACM, New York,,. .New York, 1'981. 

/ 



108 



113 



E2. ElL-ison, Robert J.. "A Programming Sequence for the Liberal 
Arts College." . SIGCSE Bulletin 12, 1 (February 1980) 161- 

; 1-6 4 

E3v~ Engel, Gerald L. . "Curriculum '68 to Curriculum '78: Impli- 
cations for Small Colleges." Proceedings 12th Annual s™»ti 
College Computing Symposium . St. Cloud State University ~ 
St. Cloud, Minnesota, 1979, 149-162. . ' . 

E4. Engel, Gerald L.. "Computer Science Education in Small Colleges 
The Current Status." Proceedings 18th Annual AEDS Covention, 
AEDS, Washington, D.C., 198Q 4 , 74-79. " : ; 

E5. Engel, Gerald L. and Oscar N. Garcia. "A Discussion of the 

Recommended Curricula in Computer Science and Engineering." 
Proceedings of the 1978 National Computer Confer ence . AFIFS , 
Arlington, Virginia, 1978. : ~ — 

E6. Engel, Gerald L. and Oscar N. Gar(cia. "Curricula Developments 
in Computer Science and Engineering", IEEE Transact ions on 
Education , November 1978. / ~~ ~- : : — 

PI. Fairley, Ric,ha>rd- E^ 'i-Toward Model ; Gutricul* in Software 

Engineering." SIGCSE Bulletin 10, 3 (August 1978) 77-79. 

F2. Eosberg, Mary Dee Harris. "Natural Language Processing in 
the Undergraduate .Curriculum. " SIGCSE Bulletin 13 1 
(February 1981) 196-203. • " ' 

,F3. Fosberg, Mary Dee Harris. /'Adapting Curriculum 77 to a Small 
University Environment." SIGCSE Bulle tin 14, 1 (February 
1982) 179-183. ~ ' " ' r : " . 

Gl. Gerlach, Jacob and Iza Goroff. "The UW Whitewater Management 
Computer Systems Program." SIGCSE Bulletin 13.1 (Feb- 
ruary 1981) 171-176. ~ ' 

G2. Gorgone, John T. , Norman E.^Sondak and Behn Konsynski. "Guide^ 
lines for a Minimum Program for Colleges and Universities 
Offering Bachelors Degrees in Information Systems: A 
Report of the ACM Accreditation Committee for Information 
Systems Study Group." SIGCSE Bulletin 12, 1 (February 1*80) 
2 2 3— 2 2 6 • 

G3. Goroff, Iza. "A Systems Analysis and Design Course Sequence." 
SIGCSE Bulletin 14, 1 (February 1982) 123-127. 



G4. 



Grout,- Jarrell 0. and Dennis M. Hyams . "Experiences with a 
Computer Science Advisory Council." SIGCSE Bulletin 11 1 
(February 1979) 127-130. " • : ~ 



109 

U4 



G.5. 



Hi. 



H2. 



H3. 



H4. 



H5/. 



r 



H7. 



Jl. 



Ki. 



LI". 



L2. 



Gruener, William B. and Steven M. Grazianp. "A Study of 
the First Course in Computers." SIGCSE Bulletin 10, 3 
(August 1978) 100-107.' , 

Hamblen, John. "Computer Manpower - Supply and Demand - by 
States.*' Proceedings 12th Annual Small College Computing 
. Symposium . St. Cloud, State University, St. Cloud Minnesota, 
1979, 129-139. I 

Hamblen, John. Computer Manpower - Supply and Demand - b_y_ 
States, information Systems Consultants, St^ James, 
Missouri, 1981. , \- , . /' 

Hamblen, John and Thomas B. Baird Xf&B)S Fourth Inventory of 
Computers in U^Si Higher Educa.tioh>1976 -1977 . EDUCOM, 
Princeton, New Jersey, 1979. / \ ' 

Hamblen, John W. „ Clinton Jones, JesseXLewis, and Patricia 
Marshall. "Commuting in Minority Institutions: 1976-1977. 
Proceedings NECC-1, National Educational Computing Conference, 
th'ft flii*v«ralty of iowa, Iowa Cityi Iowa, 197 9, 65^-83. 

Hamblen, John W. and Carolyn E . Landis (eds.). The Fourth 
inventory of Computers in Higher Education : An Interpretive 
Report . EDUCOM, Princeton, New Jersey, 1980. 

Hintz, Joseph. "Undergraduate Computer Science Education: 

Alternatives to the Mathematics Core Requirements and Effects 
on a Minor in Computer Science." SIGCSE Bulletin 12, 2 - 



(Ju 



ly 1980) 45-47. 



•/ 



Hbrton, Robert L.. "The Proper Role for the Computer Science 
Program at a Small Undergraduate Liberal Arts University. 
Proceedings NECC-1 . National Educational Computing Conference 
The University of Iowa, Iowa City, Iowa, 1979, 197-200. 

Jensen,- Randall W. , Charles C. Tories and William I. Fletcher. 
"A Proposed 4\-Year Software Engineering Curriculum. SIGCSE 
Bulletin 10, B (August 1978) 84 £ 92. 

Kbltun, Phillip! "Computers and the Law^ A Course Description." 
SIGCSE Bulletin 11, 1 (February 1979) 236-239. 



I. 



Lees, John,, "An Undergraduate Syfstems Programming Laboratory." 
SLGCSE. Bulle.tin„ i2, 3' (September 1980.) 16-19. " 

Lemos, Ronald S.. "Teaching Programming Languages: A Survey of 
Approaches." SIGCSE Bulletin 11, 1 (February 1979) 174-181. 



110 



9 

ERIC 



I 



JL'O 



L3. Liri, Benjamin M. • "Microcomputer Studies for Computer Science 
Undergraduates . " Proceedings 12th Annual Small College- 
Computing Symposium * St. Cloud State University, St. Cloud, 
Minnesota:, 1979, 163-166. 

L4. Linder, William, H. . "The Computer Science Minor, A Description 
and a Proposal." SIGCSE Bulletin 11, 2 (June 1979) 40-42. 

L5. Lopez, Antonio M. , Jr.. "An Implementation of Curriculum 77." 
SIGCSE Bulletin 10, 2 (June 1978) 47-52. 

L6. Lopez,' Antonio M, , Jr.. "Microcomputers in Education." SIGCSE > 
Bulletin 12 9 2 (July 1980) 43-44.* 

L7 . Lopez , A;., R. Raymond arid R. tardif f . "A Survey of Computer 
Science Offerings in Small Liberal Arts Colleges." Comm - 
unications of £he_ ACM 20, 12 (De^mber 1977) 902-906 . 



L8. Luce, Thomas G.. "Opal - A Hardware - Independent Assembly 
Language for Education . " P r 6c&e dings N E CC -81 . _National\ 
Educational Computing Conference, The Uriiversity of lowa^ 
Iowa City, Iowa, 1981, 121-131.. \ 

• * \ . \ 

Ml. /Marshall, Patricia. Instructional Computing in Minority 

Institutions- -; A Needs/Strategy Assessment: Executive Summary 
of Final Report /NSF SPI 7821515 . Xayier Uriiversity, New 
Orleans, Louisiana. 

M2. Marshall, Patricia. "Academic Computing: A Sampler of Approaches 
in Minority Institutions." Proceedings NECC-2 , National 
Educational Computing Conference, The University of Iowa, 
Iowa City, Iowa, 1980 , 238-244 . v , 

M3. Marshall, Patticia. Donald L. Alderman and Richard Jaeger. 

"Compiling in Minority Institutions* An Update." Proceedings 
18th Annual AEDS Convention . AEDS, Washington, D.C. 1980, 
130-134. 

M4. Mayer Joergi "A Computer Science Major in a Small Liberal Arts 
College." Proceedings NECC-2 . Natiorial Educational ' Computing 
Conference, The University of Iowa, Iowa City, Iowa, 1980, 
290-292. . . , v - - - 

M5. Mein^Win. J. "CompuTter Arts/: Computer Science in a Liberal Arts 
Environment, or Does Computer Science Have a Home?" SIGCSE 
Bulietin 11, 1 (February ' 1979) 224-227. 

M6. Meinke, John G. and John A. Beidler. "A Software Emphases in 

theSec'ond Course in Computer Science." SIGCSE Bulletin l\, 1 
(February 197 90 192-194* 




M7. Meinke, John G. and John A. Beidler. "Alternatives to the 
Traditional First Course in Computing. " SXGCSeI Bulletin 
13, 1 (Jebruary 1981) 57-60., . 

M8. Merritt, Susan M. . "On the Importance of Teaching Pascal in 
the IS' Curriculum." SIGCSE Bulletin L2, 1 (February 1980) 
88-91/ 



M9. Miller/, Nancy E ... "A Method for Evaluating Student Written 
Computer Programs in an Undergraduate Computer Science 
Programming Language Course." SIGCSE Bulletin 12, 4 
(December 1980) 9-17. 

M10. Milder ,, Nancy . E. and Charles G. Peterson. "An Evaluation 

/Scheme for a Comparison of Computer Sciences Curricula with 
ACM Guidelines." SIGCSE Bulletin 13>, 1 (February . 1981 ) 
' 216-223.. , * - 't 



Mil ./Mitchell , William. ."Another Approach to Service Courses." 
/ SIGCSE Bulletin 11, 1 (February 1979) 6-9. 

/ • - ■ 

MV2. Mitchell i William. "Computer Education in the 1980*8: A Somber 

/ View." SIGCSE Bulletin 12, 1 (February 1980) 203-207. 

/ " ' ~~ , • . ' 

/MI 3. Mitchell, William and Bruce Mabis. "Implementing a Computer 
/ Science Curriculum Merging Two Curriculum Models." SIGCSE 

/ . Bulletin 10, 3 (August 1978) 151-155. 

/ M14. Mitchell, William ^nd James Westfall. "Critique and Evaluation 
j of the Cal Poly&DPMA Model Curriculum . for Computer Information 

/ Systems." SIGCSg Bulletin 13, 1 (February 1981) 153-170. 

M15. Moore, Freeman L. • "Graphics in Computer Science." Proceedings 
NECC-81 * National Educational Computing Conference, the 
University of Iowa, Iowa City, Iowa, 1981 , 287-291 . 

Nl. Noonan, Robert A.. "The Second Course in Computer Programming: 
Some Principles and Consequences." SIGCSE Bulletin 11, 1 y 
(February L979) 187-191. 



/ 



N2. Nunamaker, J.F.. "Educational, Programs in Information Systems*. 
C 6 mmun i c i t ion s o f the ACM 24 , 3 (March 198L). 



it » 



N3. Nunamaker, J.F.. "Computing Educations The ACM Model^ 
Computerworld , September 28,JL981. 

PI. Powell, James D. • "Use of Model Curricula in Reviewing Establi- 
shed Programs." SIGCSE Bulletin 10:, 4 (December 1978)12-15. 



112 



117 



I 



Rl. Riley, David D.. "Teaching Problem Solving in an introduct- 
ory Computer- Science Class. " .SIGCSE Bulletin if, 1 : 

(February 1981) 244-251. : ; 



R2\ Rine, David C . (moderator ) ; "Panel Discussion: Curricula in 
Computer Science and Engineering: Needs and Alternatives." 
SIGCSE Bulletin 10, 1" (FetTruary 1978) 99-106. , 

R3. Rohr, John A.. "The C-Basic Interpreter: A Learning To.oi for 
Compiler Construction." Proceedings NECC-81 . National 
Educational Computing Conference, The University of Iowa, 
Iowa City, Iowa, 1981, 161-168. » N 



R4. 



R5. 



R6. 



SI. 



S2. 



S3. 



S4. 



S5. 



Rohr, John A.. "Software Documentation for Student Projects." 
Proceedings NECC-81 . National Educational Commuting Conference 
The University of Iowa, Iowa City, Iowa, 198'i, 195-197. 



Roth, R.^ Waldo. "The Teaching of Documentation and Good Pro- 
gramming Style in a Liberal Arts Computer Science Program." 
SIGCSE Bulletin 12., 1 (February 1980) 139-l/53. 

I ' • ■ • 

Roth, R. Waldo. "Computers and the Law: An Experimental r 

Undergraduate Course." SIGCSE Bulletin 13,//l (February 1981) 

204-214. "~ ~ 

■■ 

Schrage, John F. and John A. Sharp. "The Co'mputer Laboratory." 
Ptoceedings 18th Annual A EDS Convention . \\ AEDS , Washington, 



D.C. , 1980, 175-180. 



H 



I 



Sharma, Onkar and Ahi Behforooz. "An Accelerated Program in 
Computer Science." SIGCSE Bulletin 14,/1 (February 1982) 
174-178. 7 

1 ■ / * ■ ■ 

Smith, James. "The Small Liberal Arts College: A Challenge 
for Computer Science." SIGCSE Bulletin 11, 1 (I ebruary A979 ) 
220-223. 



Splntself, N. "An Adult Education Course in Personal Computing." 
SIGCSE Bulletin 12, 1 (February 1980$ 63-66. 

Spence, J. Wayne and JarrelJ. C. Grout/. "Systems' Analysis and 
Design in a Computer Science Curriculum. 11 SIGCSE Bulletin 
10, 4 (December 1978) 24-27. 7 



S6. Stoddard, Spotswood DT and Robert R. Leeper. "Breadth or 
Depth in Introductory Computer Courses : The Experimental 
Results." SIGCSE Bulletin 13, 1 (February 1981) 182-187 . 



113 



W 



57. f Stoddard, S.D., R.L.. Sedlmeyer, and RvG. Lee. "Breadth or 
U Depth, in introductory Computer Courses; A Controlled Ex- 
periment ." SIGCSE Bjjiletln 11 , 1 (February 1979) Al-AA. 

58. Swanson, Trevor, Richard Hatch, Lee Lane and Norman Sondak. 

"Curriculum Development in Information Systems." SIGCSE^ 
Bulletin 11, 1 (February 1979) 202-206 



S9 



. \szalajkav Walter S. . "Statistics for 'computer Scientists." 
SIGSCE Bulletin 12, A (December 1980) 27-32. 



S10. Sralajka, Walter S. and Philip Walch.. ' "Intergrated Theory and. 
Practice - An Approach to the First Computer Science .Course. 
" SIGCSE Bulletin 11, 1 (February 1979) A 5 -A 8. 

Wl. Wadland, Kenneth R. . "Operating System Projects . " SIGCSE 
♦ Bulletin 12,. 1 (February 1980) 75-8.0. 

■\ . * . 

W2. Walstrom, John and David Rine. "A Study of Personal Computing , 
in Education." SIGCSE^ Bulletin 12, i (February 1980) 67-7A. 

\ - ' - j 

W3v Weiner, Leonard H. , "The Roots of Structured Programming." 
SIGCSE Bulletin 10, 1 (February 1978) 2A3-25A. 

- \ ".- - ■ „ 

WA. Winner, Robert I.. "An Intermediate Course in Computer Systems. 
• SIGCSE Bu lletin 10, 1 (February 1978) 210-212. 

v . i 

W5. Wlnrichi Lonny ft. and Charles G. Petersen. "A Pragmatic 

Implementation of Curriculum '77 at the Univeristy of Wisconsin- 
La Cros\se." SIGdSE Bulletin 10, A (Deeember 1978) 37-41. 

W6. Worland, Peter B. . "Using the ACM Computer Science Curriculum 
Recommendations in a Liberal Arts College." SIGCSE Bulletin 
10, A (December 1978) 16-19.. 




114 



f" ERLC 



113 



\ 

- > - — t 



EA 014 921 

cb , A _ , / 



/ 



CM 

C2 



THE USE OP MICRO-COMPUTERS- JIN EDUCATIONAL EVALUATION 
Mark M. Greene, Ph.D i 



. . ! • Good afternoon! It is a pleasure to be here today. t . 

In the present ■paper, I would like. to share with you my exper- * 
evaluaSon? 9Uirin9 ^ ' a - ,nicro - cora P ut « * <* educational 

For the past 14 years, I have worked as an evaluator at the 
Northwest .Regional Educational Laboratory in. Portland. For 12 of " ~ 
those years, I have directed a program at the Laboratory which - 
provides contracted services .to- local school districts, State 
Departments of Education, social service agencies, colleges^ and 
universities, as well as some organizations in the private sector 
In general, my staff and I provide eight forks of service. The 
services include: 

■ ^ .« ' 

Third party evaluation 
Evaluation consultation ' 
^ Evaluation training 

— -^__ A PPlied research - . m 
Planning. 

Technical review ' * , 1 

Training in the .areas of monitoring knd technical assistance 
Accomplishment auditing 

" . ' * \ 
In general, however/ the work has been concentrated in the area 
of third party evaluation,. 

In order to understand our program's involvement in micro- - 
wrTload' I / 5eli6Ve ***** you wil1 need to know something about our 

J Within/our program, there, are three principal, investigators . 
Between us J we work on roughly 90 individual projects per year. -Some 
of the projects are single classroom activities, while others are 
di8trict-^ide_pxo3r^s^.:.Moreover, the. projects" are sponsored by a 
diverse a'rray of funding sources such as:' 

ESEA Title I ' ' " * 

ESEA Title IV 
/ Bilingual Education 
/ Migrant Education - 
/ SDIP- Title III 

/ Special Education 

/ ( ' • 

1 As you can well imagine, each of the funding- sources marches 
/ to a different^rummer. This means that our' staff is faced with 
/ individual- time^nes and reporting requirements^-that represent a 
/ -considerable challenge., During the spring and summer joonths, 

■ . - ' . ■ X - 
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simultaneous deadlines for final reports are a common occurrencer- 
which brings >u|s to our reasons for using the micro-computer. 

|l. Reasons For Using A Micro-Computer 

f - , * 

A* Massive Quantities of Data 

■* 

As is evident, our staff is faced— at any one time—with massive 
qaantit_ies-of: ! data. ^The data may represent fifty children screened 
in a Head Starft program or it may be' derived from 700 students in a 
Title I program. Our challenge, then, is to accommodate the massive 
quant ities-bfJdataLixoj^^ « 

B. ' .Multiple Analyses 

Once having confronted the massive arrays of data, a second 
challenge emerges. That challenge Oxtails the conversion of the 
data into useful information. Generally ,\such a conversion will 
require multiple analyses of the data.' That is, we have rarely 
found it possible to extract the meaning from data after one pass 
through the machine. Moreover, there is something about the immediate 
access to additional analyses tha^ is quite appealing. 

C. Staff Differentiation 

Considering once again the challenge of large quantities of 
data^we learned early bri that data reduction and analysis procedures 
can be routinized. That is, it is 'not necessary for a single, indivi- 
dual to handle every data transaction from start to finish. Nor is 
it cost /effective to do_so.. (Moreover, as g raduate students and 
former graduate students ar.e aware, some aspects of data handling 
are more appealing than others.) Thus, one of bur strategies has # 
been tb divide the data handling operation into relatively routine 
••chunks" which can be handled by jyaribuxmei^xs^f-^the^pporfc staff. 

'And^tt^^the-micro^cb^uter which enables us to differentiate 

r ambng staff assignments. ^ 

II. Reasons For Selecting the Apple 

About - three years ago, the: microcomputers, entered the main- 
stream/ Knowing that we would eventually acquire one, we entertained 
a number of selection criteri'a. 

A ? Capacity 

The capacity of the machine to store data was the foremost con- 
sideration. Having previously worked with three generations of desk 
top calculators, almost an£ storage capacity whatsoever would have 
been welcomed. 
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B. . Available Software 



The availability of software was another serious is'sue. Having, 
suffered through some severe software limitations- .With the programmable, 
calculators, we were hoping' to find a machine' for which useabl* 
statistical software would be abundant. . 



C 



Availability , of Individuals Who Could Envelop Software fat. the 
Selected" Machine -• ' 7 




Again realizing that pre-packaged software has limitations-, we ' 
were interested in selecting a machine which used a- commonly employed 
language. In this case, BASIC. (or some close derivative) was the 
language of choice. We hoped to be able to us«Fbasic since tne use~ 
of a common language or dialect would improve, our opportunities , for 
(a) modifying extant statistical packages, and (b) developing neW ones. 

' . • " , ■ -.,.=- ' * 

. D, Potential for -Linkage with Client Computers ' • 

.The possibility of linking our micro-computer -with those*^ 
clients was a fourth criteria. Our interest here- was, again^-b^ed 
on the -notion of differentiation of- tasks. If we could ^select a 
machine that -was compatible with our clients' machines/ then the 
possibility for reducing 'otfr data handling joad-wduid be. increased.. 

E. Availability of Support -Service 

A/ fifth consideration was represented by the concept of support 
for the machihe. Knowing how difficult it, had been too obtain service 
for exotic, programmable calculators made us keenly aware of- = the- 
servlce-suppcjst issue. ./ • 

F. ■ Potential for Upgrading - « -~ 

In one sense-, our experience had been* the*same for each of "three 
generations, of programmable calculators. Specif icallyj even thtfugh 9 
we bought '•top of the line" equipment, we also seemed to be buying 
"end of the line" equipment as well. Once we had purchased ah. item/ 
it was predictable that within two yeaxs, a newimodel would enter the . 
mer^et. We hoped to avoid that problem by buying a micro-computer - 
with ample potential for upgrading. 

G. Relative Speed - 

* » 

Again, considering the amount of data to be processed and" the - 
ever conflicting ' deadlines ,. we were hoping to reduce the data 
prrce^sj^^me_cpnsiderably,over that Of: the 'desk top calculators. ' 

H. Known History/Reputation of the Equipment ^ ♦ / 

For our program, "down time" is virtually intolerable ♦ We 
simply nefcd reliable equipment. * 1 



I.. Relative Cost* 

The equipment selected had to be within the means of our 
Program. s 

J. ' ^uuhdtocy/Compatibili 4 

Based on a cautious view of mass produced electronic hardware , v _ 
it seemed reasonable to select equipment that was coitipatible with' 
other; operating equipment within the organization. Thus, the back-up 
capability~:o£-6ther~i^ be an important con- j ^ 

sideration. -V.. " J 

Having established the foregoing criteria, we selected an 
Apple II. In retrospect, however , hot .all of the criteria for 
selection worked. For example, the "capacity of thfe micro-cqsiputer 
to sto^e data is a good Reason for getting aw#*frqm progranraable 
calculators, bpt did' not assist us in distinguishing between the 
leading varieties of micro-computers. This was also true of the 
relative speed criterion, and the cost criterion. Additionally, riot 
aU';^le| speak the same ' lahguage~s6 the concept pf working from 
data discs produced by put clients has had only limited success. 
Finally, the criterion of available softie -did npt hold up and < * 
it became necessary to develop o^x pyn. Foar the most j^rt, however/ 
the remaining !• criteria proved to- be useful. * - 

III. Preparing to Use the MicroHCpmputier 

The purchase \6f our Apple II, wt9 carefully tirie0.,tb- give us^ 
opportunity to adopts adapt or develop some analysis, programs before 
our annual data crunching, festival. As it turned out, pur estimates 
pf the amount of 'preparation t^Lme necessary were only off by about 
a year. . ^ 

In general, we found that the ^available data analysis programs 
* do just that: they analyze data. Our needs, however, were fp? 
programs that would accommodate a certain work flow. That work flow 
(See Figure I) fcntails some eight cr ^teh' stepc. 

The work- flow begins with- (X) planninf^pr data collection, (2) 
collectings the data, (3) reducing the £ata, (4) entering'ind verifying 
the data, (5) moving or selecting the data, (6) conducting one or 
more analysis", (7) moving or ^electing, the data again, (8) conducting 
additional or parallel analysas, 19) interpreting the results of the ' 
analysis, and^(10) reporting the/results^ 

.The challenge facing our program at this- point had seven elements: 

-*s . \> . " y . ■ • ' 

a. To create a file system which could accommodate diverse 
; dati records* 

y \ ' 

b. To develop a d^ta entry and editing procedure; 

. • • . .•' . •. ? 

c. To develop data movement programs; 



d. 
e. 
f. 

g. 



To develop programs for routine analysis; 

To test and certify the programs; 

To train pur. staff to use the system; and 



To upgrade the programs perioclically. 

# - - ■ 

EASjBnjbially^^jt^ My~task wa's - 

to define the structure and the specifications as weil as to test 
the resultant effort/ The programmer -s tatsk was to develop and up- 
grade the various routiners. - 

^ 1" ■ ' * • 

The overall effort,, then, was far larger than was anticipated, 

but the result is^2L4?ata 'handling system that meets bur requirements* 

There are, however, a few limitations to the system. Such limitations 

include: 



The length of time required to tr^in, new staff to use the 
system; 



b. 



c. 



An inherent limitation on the size of the sample which can 
be accommodated (about 400 cases)]; and 

•D^ta entry time based op keyboard or keypad. is still the 
slowest part of the operation. 



In general terms, towev^r', the micro-computer represents-a 
versatile, time -saying tool ^ /which has enhanced our erforts in 
evaluating educational programs . V 
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FIGURE I: 

HOW THE HI CRO- COMPUTER FITS THE WORK FLOW 



.1 . Planning for data collect i on/ ' 
2'. Data collection 
3, Data reduction 
4, * Data entry and verification 
5. Data movement 



6. Data analysis 



7. Data movement 



8. Data analysis 




-—Use of 
Micro-Computer 



9, Data interpretation 



.10. . Data reporting 
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THE MICROCOMPUTER IN THE 
HIGH SCHOOL SCIENCE LABORATORY 



Michael R. Haney 



Science and technology seem a natural combination. 
Technology is a. product of science so it seems natural to use 
technology in science. Scientific research at a 1/1 levels is 
dependent on the technology available and schools wou lid appear- to 
T be no except ion. As~th€f price and capabilities ^ of computers 
become even more attractive , most educators agree that computers 
will" be thoroughly incorporated into education. Howl then will 
computers change, science education? That fundamental question 
leads in two different directions. Both are important and they 
are interrelated, but maintaining the distinction is cruc ial to 
using computers in a meaningful way in science education. It is 
this distinction that forms the foundation of this project and 
the reason it was begun. 

It has become popular now to degrade the present curriculum 



jy^as la "sabre toothid curriculum" 



V 



in the- face of -modern t ecfWl 

steeped in anachronyms like th^ "QWERTY" typerwriter. It may be 
t^ufe: _that_ th? present cuwicu/lurt reflects- limitations that 
existed before the computer, but the solution is not simply to 
incorporate tHe computer wherever it will f itnicely into the 
curriculum. Educators are at a rare point in the/ evolution of 
education, they can now re-examine the fundamentals on which the 
educational systra is built • in light of new technological 
capabilities that lift many of the restraints that have- become 
part of the educational culture. Narrowing the view to just 
sciencet educators can now ask, "What is science?!' and ''What do 
we really want students; to learn in science?" / 
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Providing tools for. teachers 

Any science teacher who has worked in af science research 
lab, possible during vacations or while a student, was probably/ 
struck by the difference between what goes on in scientific 
research and what goes on in the high school. In research* thtfre 
are real problems to solve scientifically. Experiments must be 
designed, tested at every stage and predictions made of/ the 
outcomes. A refinement process goes on continuously to narrow in 
on the results. The researcher must always /know the limits of 
the measurement and their effects on the results. /After a 
hypothesis is tested, it may lead to additional hypotheses and 
experiments. Finally, the results must be communicated in' such a 
fashion that others will understand. the results and /the process 
that produced them. 



The 



A researcher must have certain skills td carry out science, 
ability to calculate , "measure , extrapolate , design , 



coimnunicate, construct models, research the literature, reason 
verbally and spacially are just a few of the essentials. The 
researcher applies „ all of these with imagination and intuition. 
The*e is simply no lab book with a recipe to follow. 

Now consider the high school science classroom. Among other 
things* ther* is generally a heavy - dosage of listening, book 
r^t^^,_Ki^^ and demonstr ation. Th f» c 

are all in addition to laboratory experiments and problem solving 
exercises. National Science Foundation studies reported by Weiss' 
indicate \that < only a smallportion of science cfass time is 
actually spenton experimentation. Apparently > science teachers \ 
do not see student experimentation as a major priority it^ 
jcience. The reasons are attributed to lack of readily available, 
equipment, prepackaged and ready-to-go. So' it seems that in 
science classrooms, for whatever reasons, more time is spent 
teaching about science than doing science. - 

iDur profession is now in a unique situation, where we will be 
able to do whatever we are trying to do much better and more 
efficiently thanks to technology. It is important to decide first 
what it is, that we want to do in science classroom^. 

This project is based on three premises: 

/ ; - * 1. Science is primarily the prpces >s_of_exami£in& „ 
Modeling, and understanding nature. 

\ „ . _ . . _ _ 

2. The best way to learn science is by doing 

science. 

3. Computers can be a fundamental tool for doing 

science - . — , , , 

I do not underestimate the importance in teaching about 

science or in teaching basic science skills. Yet It is important 

to integrate some real science into the science curriculum so 
students can enjoy this 

•\. .adventure of the humair spirit . . .an ^artistic 
enterprise ' stimulated largely by curiosity, served 
largely >by disciplined- imagination, and based largely 
on faith in the reasonableness, order and beauty. of the 
universe of which man is a part J" (Weaver) 

The interrelated roles , must be understood to appreciate the 
importance of each. 

The Role Of the Microcomputer 

The computer can play two different roles in the science 
classroom, these can be related to how we expect students to 
gain knowledge. Understanding this distinction clearly shows the 
purpose of science education and the focus of this project. The 
first role for the computer is as a teacher. The second role is 
as a tool for accessing, representing and creating knowledge. 

f ' * 
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Both roles relate the student and the local knowledge, this 
local knowledge includes the collection of skills, information, 
and abilities maintained at the school. What resources are open 
to the student depend on in part qri thte library or text book 
selection, the materials on hand, the portals to the larger 
knowledge bases (the outside world such as TV or radio) and the 
selection of staff. Together these factors make up the knowledge 
t h at is avaitabl* loc<l^ 
knowledge base. 

—In- its role as teacher, the computer taps the local 
knowledge and delivers the information to the student. To 
implement such a system, educators ask such* questions as "How do 
children learn?" and "What should the^ know?" and "Where cap they, 
get this knowledge?" Care is taken to select sequences which are 
seen as worthwhile and efficient. 'Students are rewarded and 
reinforced fpr the knowledge they gain. If done well they 
develop verbal, reasoning, and spac^al. skills. Computers are 
used in this role through CAI in tutorials and Drill & Practice. 
Simple simulations which have set purposes and predetermined 
learning outcomes fall into this catagory also. Special 
languages are available,* such as PIL0T, to help teachers , author 
such materials* 

In its role as tool, the computer helps the student interact 
with the local knowledge base . Educators- would have to ask such 
questions as "What must children be able to do?" and "How can 
-t^y^ryse knowledge?" and "When should they use the knowledge?" 
Students would "gain the abilities to access knowledge, to 
represent knowledge in models, and to create new knowledge. 
Examples of the computer in this role include Dendrite, an 
intelligent data base for science, MAMMO, an open-ended inquiry 
simulation and laboratory Input/Output. 

There are inherent problems with using the computer in this 
second role. To use; the computer as a tool, the students must 
first master the basic skills of science. /The- computet - as a 
teacher may, preceed the computer as a tool, but it should not 
exclude this second rp ^le^.-^Wher.e^cpnsiderable time and, money have . 
been devoted to producing good computer- teachers, very few 
resources, at the high school level, have been devoted to 
producing good computer tools. the reasons for this are 
extensive. Fir.st, it involves rethinking vhat we mean by 
science. Second, it Requires an ppen-endedness that is not 
normally associated witti science classrooms/ If all students are 
dping the same lab, looking for a pre-known result, can this be 
considered a science, experiment? On the other hand, can we 
expect teachers to spend hundreds /of extra, hours preparing 
individual projects? This leads to the third reason. Teachers 
need the tools and the preparation to cope with* real science in 
the science classroom even if it is only on a part-time basis.- 
The computer should make experimentation much more meanin^fuf and 
manageable, but many teachers are not yet prepared to use the 
computer intelligently. ^ \ ' ^ \ 



That then it the focus of this project. It it to provide 
teachers with a tool box. this tool box should be versatile, 
composed of fundamental parts, and durable. This project is 
intended to provide teachers with basic topis for using the 
computer in the science laboratory. .Along with each basic tool 
is an explanation of how the topi is intended to work. A few 
basic demonstration pieces a?e done with each, enough so that the 
teacher can picture the versatility of the tool. Then to show 
the poisibilit ies, sam p le a pp li ^atibnt-are^tie^luded ready for use 
in- the lab, along with suggestions- for other ways the tool can be 
used. The emphasis is on the incompleteness of the description. 
Unlike the traditional "top Is "handed to teachers, these are as 
diverse as \ the teachers themselves and w shpu Id find applications 
as numerous as the word tool implies. 

The aim of this project is to make teachers intelligent 
users of this technology so they can, in turn, apply it to their 
classrooms. Eight modules were designed to help them foster 
science experiments in the v high school laboratory. Of these, 
three are complete and several others are almost finished • These 
modules are interlocking. By that, I mean they share data in a 
common form, thus deriving the benefits of the features of all 
the modules. Teachers 1 guides have been written for the 
completed modules. Both complete examples arid a short list of 
suggested applications in traditional high school science courses 
are included with each module. It is hoped that the actual 
appricat ions teachers find will go far beyond anything I have 
designed or even imagined. These modules will be tested in over 
a dozen high schools this year. 

An important, consideration built into each of the units is 
the emphasis on the user, making the critical decisions. 
Accordingly, the automatic compensation for data which a computer 
could easily manage has been minimised. The user must decide the 
durations, ranges, data types, and method of representing data. 

Modules 



Module 1; Introduction and Overview. This is an introduction to 
-the entire system. It includes the philosophical 
groundwork necessary to put the modules into 
perspective. Also, the interlocking data features are 
explained, u tili ty programs are documented, _and_^ 
relevant resources are listed. ■ 

Module 2: Scratchpad and Conversion. The calculations done in 
many science experiments are tedious. The time 
required often exceeds the learning payoff for the 
user; this unit is structured arqutid-xonvereioir 
formulas,. Some are built-in, more can be entered by 
the user. Each of these convers iotas can be used to do 
calculations requiring a single variable or to dp 
complex calculations in a table form. " For example, the 
user can build a table by selecting the headings for 



each of the columns. These headings can come from 
stored files on disk, simple sequences beginning at any 
integer value, hand entry, or 'Calculation done by a 
conversion formula. The columns that result from 
calculations can be based on any (or all) or the 
previous columns or the totals or averages of those 
Y~ columns. * / 

Module 3: Data Acquisition. For most uses, this unit requires 
additional hardware, an interrupt timer and /an 
interface box. What is necessary can be built, the 
plans are included, for under $20. With this, the user 
can read in data through a paddle or button port at 
timed intervals or when triggered. Data can also be 
hand entered or read in from disk files. The data can 
then be displayed as a Cartesian, log, or histograph. 

Module 4; Error. Data can be entered from other units and 
analyzed according to the standard methods. 

Module 5: Data Manipulation., Although this combines the features 
of several different modules, it allows a wider range 
of features than were possible in the others. This 

, - includes- special graphs like polar and log- log as veil 

a* curve smoothing features. 

Module \6: Filing Cabinet, this represents a method of organizing* 
information so that it can be updated and accessed 
readily later, included are three searching schemes 
and a cross-reference table between storage methods. 

Module 7: Control and Digital-to-Analog Conversion. With this 
module, the user will be able to output control or 
sound signals through the annunicator ports. These 
signals may be generated by the interrupt clock or from 
stored data. 



Module 8<: Data Based Information Retrieval, 
time. 



Undeveloped at this 
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THE MICROCOMPUTER: /A CAREER INFORMATION MACHINE? • 

CM //' 

f-^ by Michael J. Neill 

| r g ■ University of Oregon 
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Information is a resource;/ For those who can afford it, it. is a 
resource that can describe the present and reduce the uncertainty 
, about the future. Like other resources, information has lvalue. 
For centuries, governments, armies' and' individuals have bought, 
sold, bartered and consumed information. Those with accurate 
and timely information yhaye been in good positions to control 
their own fates. 

A democratic society has a stake in making information widely 
available. The choices people make based on complete and 
, accurate information /benefit both society and, themselves. 

*« if * ' 

Like any product, information is produced from raw material. For 
this product the raw material is data. Sometimes few data are 
required to produce/ information; often many data are required. 
Crafter who pr educe information must apply careful, thoughtful 
and systematic analysis to the data they use. 

Quality information is: the product of good data and/or good analy- 
sis. Where data/ are sparse, analysis must be excellent to infer 
patterns which describe or forecast. The characteristics of 
quality information must include: 

/ 

- accuracy. Information should adequately describe current 
reality. - *~ ^ 

- relevance. Information should be personally useful arid 
be presented in an understandable format. 

- timeliness. Information should be received at a time 
which will make it useful to the consumer. r _ 

- availability. Information should be located in a place 
th&t is convenient for the consumer and the retrieval 
process made easy* 

Effectiye use of information is as important as the quality of It. 
Teachers,, counselors, librarians and others teach, people how to 
utilize information tools. One author -blames the failure of 
information systems in organizations on the lack pf "proper train- 
ing and involvement of users.-* 

For the past twenty years computing has made possible the delivery 
of data. In a few areas where information is perishable, it too 
can be delivered by, computer. Computer microization is seen by 
many as the tool which will dramatically alter the way in which 



1. Lucas, Heriiry C.; Why information Systems Fail , Columbia 
University Press, New York, 1975 
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information is disseminated in a technological society- "Electrbn^ 
publishing 1 ' or the new "information industry" wili be in the busi- 
ness of delivering information to consumers in a manner which 
pay for the relatively high costs of production/analysis, Suc<|^- 
ful enterprises will be those which focus on quality information^ 
Consumers will soon see that pobr information delivered oh the * 
latest technology is stili poor information. 

Models for delivery of quality information on large or ftini timer- 
sharing systems have been .in place for years. One such model is 
the Career Information System (CIS) housed at the University of 
Oregon. The Oregon Career Information System delivers local labor 
market and educational inform** to over 400 sites in Oregon, 
in addition, a National Career mation System assists seventeen 
other operators- to produce and delivery quality information to 
their constituents using similar software, training components and 
methodologies, , 

The Career Information System (CIS) has. designed a system which 
delivers information ^forucareer planning purposes. Research shows 
that people planning careers require an-accurate description of 
the labor market most relevant to than. In addition, they require 
information about preparing for a career, educational or training 
opportunities, schools offering these programs, financial aid, and 
even information on where to get more information. CIS pulls 
together occupational and educational data from widely scattered 
sources and produces -coherent statements for the consumer. 
Although some good national data are available, most labor market 
and educational data are produced at the state arid even the sub-r 
state level. Consequently, CIS is a model for deliver ying infor- 
mation based upon current, accurate, locally relevant data. 

The information put into the system is derived from data collected 
and analysed from sources as close to the local labor market as 
possible. Trained analysts review hundreds of documents for the 
purpose of comprehending the dynamics of the labor market. These 
analysts then write about occupations in easily understood language. 
Each occupation in the system is reviewed at least annually. Many 
pieces of information are updated as soon as the data are made 
public. Similarly, information about educational programs and 
institutions are reviewed annually by trained analysts on a schedule 
that coincides with the changes made by the institutions. Sources 
of data are referenced, catalogued and updated frequently. 

Iri addition, information can be frequently updated by distributing 
tapes, disks, or other machine-readable information files to 
computer centers which operate the system. This update insures 
that some degree of information currency is maintained for users. 
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The components of CIS have been designed lo access computer stored 
information via teletypw^ter terminals and microcomputers or 
through a needlesort system with printouts of the System's infor- 
mation bound in book form. By storing and accessing the System's 
information in a computer system, the information can be easily 
updated. Computers also allow the flexibility of accessing any 
component at any time, ^ 

The information in a CIS is delivered either on computer systems 
or in a manual, print or microfiche format. Computer delivery 
allows users to randomly access any piece of information and to 
sort' quickly through occupational titles that match a user's 
^interests arid abilities. In a sense, computer power allows the 
user to simulate a variety of labor markets that might require 
his or her unique skills and interests. The details of individual 
occupations within j that market are available by typing a few 
simple commands. Computer delivery has been found to be attractive 
and motivational for both youth and adults. In every survey of 
CIS users over 80% report that it is easy^ to use, - ; 

Occupational and educational information are integrated throughout 
Cl§, Consumers are never left at dead ends in -their search for 
personally useful information. Relevant information is all in one 
easily accessible place, not scattered throughout a variety of books 
pamphlets and catalogs, . 

Proper training for users is as importari^air the information review. 
The history of many information systems in education and other 
publicTagencies suggest that users must see the benefits of using 
a system in order tjo* justify altering current counseling practices, 
CIS actively designs, promotes and implements a program of training 
for personnel at all sites which use the system, in such training, 
users are taught effective use of a powerful system. 

Som of the major cjomponents of the Career Information System are: 

QUEST - an introductory questionnaire that allows ugers to 
identify occupations that would utilize their intej 
aptitudes and personal preferences. 




CON FILE - information on occupations that represent 
over 901 of: a state's employment. Users may access an pcc- 



DESCRIPTION ril 
i 6ver 90% of a 

uj^^onal description and receive a 300 word description of 
:'job duties, working conditions, wages, hiring requirements, 
} and employment} prospects. The descriptions can be localized 
5 to specific labor markets withft a state. 

BIBLIOGRAPHY PILE - information about the jnaost pertinent 
publications f<jr each occupation in the System. 

VISIT FILE - names of local people available to discuss 
their respective occupations with interested individuals. 



PREPARATION FILE - a statement for each occupation in the 
'system that includes ways £o prepare for the occupation,, 
skills needed, licensing requirements and a cross-reference 
f to appropriate post secondary educational training *j 

PROGRAM FILE - information oh postsecondary .educational 
programs and a description of degrees offered, specialties, - 
program object ives^_course?. and a list of schools in the 
state that of fe* the program. a "7" V 
°" ' ' 1 / \ * 

SCHOOL FILE (State) - information on. all two-and-four year 
colleges and licensed proprietary institutions in the state. 
Users may compare schools selecting the information they 
want from a list of over 70 different information topics. 

t 

SCHOOL FILE (National) - information on all four-year schools 
in the United States. Users may compare schools by selecting 
information they want from a list df ovdr forty information 
topics* Users may also sort and produce lists of schools 
based upon selected characteristics of the schools. 

PLANNING SYSTEM FILE - information presented in greater 
detail for administrators who plan training programs and 
economic development strategies* The file includes 
_program and occupational data, lists of major employers 
and references to major data and methodological sources* 

CIS is an information system that utilises the computer as a delivery 
mechanism* CIS is not a computer system or a piece of software. 
The information is delivered using conventional. technology as well 
as computers. Of prime importance to information systefc designer &s 
is the quality of the product rather than the sophistication of -~th&> 
medium* ^ 

Publishers of printed information often are forced to sacrifice some 
measure of quality in order to market their product to the consumer* 
Encyclopediae, for example, are marketed to individuals, but soon 
lose currency and accuracy as the original books become dated; 
Annual updates are not integrated into the body of the book and 
make the product less useful* Libraries buy more expensive' esoteric 
publications. College guides, business directories or indices to 
periodicals are common reference sources in libraries, but are 
typically not found in homes. The information is less available for 
individuals, but otherwise meet criteria for quality. 

Publishers of electronic information will have to meet the challenge 
of producing, distributing and training people to use quality infor- 
mation* The microcomputer has opened up a new market for mail-order 
or retail outlet information systems* Once several tech nical and 
and legal questions are resolved, the distribution of inffjfcfcfc^on 
oh microcomputers will offer several advantages over printed copies 
of the same thing. 



These advantages include: • * * ~- ; 

' U ^ P f 9t ! d material can ** integrated into the Electronic 
data base. Updates Will produce new files rather^than 
appendages to existing files i 



/ 

/ 



2. Information can be^c^pariied by source data and' the 
programs to -manipulate them. ~~~ 

\>- 4 » * I » t 

interactive modules'can instruct users oh how to effect^ 



3. . " - 



iveiy utilize the information, 
pany.the data, base. 



Such modules can accom- 



*. Information can be actively displayed in ,a variety of 
ways, including simulations, graphics and animation 
« techniques. '-. w • 

5. Microcomputers can help to reduce -the cost of delivery^ 
ing information. -Existing systems often only transfer 
the cost from one budget to another., 

• 6. users will control the flow P f information and can 

select items based On attributes, coded to their inter-" 
ests. * 

? * i 

The microcomputer is becoming. accepted as an information medium. 
ltiTJ^ a L meet °" expectations people had for television and 
print publications as vehicles for informing the public. Perhaps 

^ ear f* "> tel1 **?ther the microcomputer will become, an 
information machine as well as an entertainment machine, it's 
Sr? C ?, n K. tte h ° me ' toveyerr would lead one to believe- that it's 

SSL HIS*™"* "J?* a ? ept ln itS Use "* wil1 that infer 

mation delivery applications be sophisticated and of high quality. 

- o 
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COMPUTER AS8BTBD PROBLEM SOLVING IN MATHEMATICS 

' Donald T. Piele 
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To the general public, computers are strongly associated with 
mathematics and mathematicians. This connection stretches back in time 
to the very beginning pt the concept of huhiibers and their representation by 
a physical thing - from a pebble, to a bead on a Wire, a mark on a piece of 
paper,, the rotation of a mechanical wheel, to the state of an electrical 
relay, a vacuum tube, a transistor, and, now, of an integrated circuit on a 
single slibe of silicon. This alliance between computing arid mathematics is 
very real. Eminent mathematicians occupy critical. positions on the list of 
men and women who have contributed to the advancement of automatic 
calculating machines. Blaise Pascal — invented the first machine capable 
of performing arithmetical functions; Gottfried Leibnitz. ^ created an 
ingenious way to perform multiplication and division mechanically; Charles 
Babbase — devised the Analytical Engine,/gerierally recognized' to be the 
first programable computer; Ada, Countess of Lovelace — worked with" 
Babbase, ultimately creating, the complete specifications for his general- 
purpose computer; Howard Aiken — originated the idea of using magnetic 
relays to ^construct a general purpose computer; John vori Neumann — 
.contributed the concept of a stored program, a major step in, the 
development of computers; Stanislaw Ulam - invented the Monte Carlo 
method for finding solutions to mathematical, problems i by random sampling 
with a computer; John Kemeny — co-authored the BASIC computer 
language; Patrick Suppes - pioneered the development, of CAI; John 
McCarthy — developed the LISP language; and Seymour Papert— directed 
t he cri^Uon of the LOGO- raT^uag eT — - " r ^-- — — = 




ji the obvious computational power of the computer has led 
^jKtee^confusion about its use in the mathematics classroom. It is not 
uncommon to hear arguments against the use. ; of computers in mathematics 
which are based upon the fear that students will no longer need to deveiop 
computational skills if a computer "can do the work for them." At the 
Other extreme, some teachers enthusiastically endorse the use of 
computers as a tool to individualize the teaching of these computational 
skills. Both views place a heavy emphasis on the computational aspects of 
mathematics. But' to mathematicians, the computational power of the, 
computer has always been viewed as a service to the primary function of 
mathematics — problem solving. A common thread running throughout the 
work of the mathematicians who contributed to the development of 
computers is the degtt.to relegate to a machine the bookkeeping and 
computational chor« mtlmpede the creative work that humans do best 
solving problems. 



Problem Solving — Today - 

Teachers of mathematics recognize the importance that problem 
solving plays in their field. In its recent report, Agenda For Action [1] , the 
National Council of Teachers of Mathematics identified the improvement 
of problemrrtolving skills as its primary-objective for the 1380's. In a 
separate PRISM study (Priorities in School Mathematics) [2], problem 
solving — the development of methods of thinking arid logical reasoning--f 
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"was identified by 95% of -the teachers responding as the most important 
objective in the teaching of mathematics. ' 

But in reality, students spend nearly ill of their-time today getting 
ready for problem solving, the first .six years of mathematics in our 
schools ire devoted to learning the four, basic functions: addition, 
subtraction, multiplication and division; \So much time is spent mastering 
these computational skills that almost no time is left for actually solving 
problems. " , . \ \.\ ; " 

Problem Solving -Tomorrow 

The use of computers in th^classroom will bring, in the next ten 
years, increasing pressure for change in the mathematics curriculum. 
Specifically: , i 

1) Computational activities will be handled, more and more by the 
computer. j 

2) Software packages that extend, ^he user's ability to investigate non- 
routine problem solving situations will replace many purely 
computational exercises. * — 

3) Programs that place students in problem solving environments in 
which they, can set parameters and make decisions while a computer 
reveals the consequences of their actions will become part of the 
curriculum. j ,1 1 

- - * ' * * f i > 

4) Mithematical programming - coiistructii« algoritluits and running 
them on a computer - will become an accepted part of the 
mathematics curriculum. I' 

In general, the availability of inexpensive microcomputers will make 
it possible for students to use a computer as a partner in the problem 
solving process. In some areas of the United States this is already being 

-done. ' - . '. . if 

Project LOGO 

Over the past ten years, Seymour Papert and his collaborators at 
MJ.T. have been\ building a model foe the role of the computer in the 
classroom very different from what is commonly seen today, In his recent 
book, Mlndstorms, Papert; describes his fundamental departure from the 
present: \ 

"In many schools today, the phrase •computer-aided instruction' 
means making the computer teach the child. One might say 
the computer is being used to program the child. In my vision, 
t he child programs the computer andT in doing so, acquires a 
sense of mastery over a piece of the most modern and 
powerful technology and establishes an intimate contact with 
some of the deepest ideas from science, form mathematics, 
and from the art of intellectual model building.'' [3] 



The key to making this happen/ according to Papert, is designing 
computer languages, "so that learning to communicate with them can be a 
.natural process, more like learning French by living in France," He 
compares learning mathematics in his computer assisted 'MathlancP to 
learning French in France. ^ 

Papert designed the LOGO language as a first step in creating a 
computer environment in which young children could learn to use 
computers in a significant and masterful way.. He convincingly illustrated 
in his book that programming in the LOGO language is "childs play." 

The significance of Papert's work lies not so much in the development 
of LOGO or the fact that young children can easily learn to speak in that 
language. - What is more important is that Seymour Papert, a 
mathematician — a person deeply interested in how people think and how 
they learn to think — has charted a completely new direction for the use of 
computers in the mathematics classroom. In the computer based learning 
environment, 'Mathland, 1 that Papert creates, students learn problem 
solving and mathematical concepts while programming the computer to 
carry out a certain task. Thus, students learn how to control a new 
intellectual tool, and problem solving becomes a natural and integral part 
of mathematical training. This is a radical departure from the traditional 
"programmed learning" role that Jias been associated with computer 
education. The LOGO project follows instead the wisdom of the ancient 
Chinese proverb: <> 

I hear and I forget 
> I see and I remember, - 

What Can Teachers Do Now 

■ . ¥ * < * 

What wa* done in the LOGO laboratory by Papert and his colleagues 
was done in an environment WWch was financially, technically, and 
philosophically strongly supported. Is this experiment really relevant to a 
typical classroom? ^ 

It is very doubtful that a teacher who is not comfortable with 
computers would choose to make them an integral part of the mathematics 
curriculum. It would be totally unrealistic to expect that a new computer, 
based curriculum, no matter how well it was done or how much money was 
available for computer hardware, would be accepted by a teacher with no 
experience with computers. To be ready to explore the possibilities of such 
a new mathematics curriculum, a teacher must, at the very minimum, be 
computer literate. Thus, the first goal that faces any school district 
wishing to investigate seriously computer applications in the classroom is 
to develop an inservice teacher training program. 

I ' 

Compute Literacy For Mathematics Teachers 

, Much has been written lately attempting to define the meaning of 
'computer literacy. 1 As one might expect, the term has a wide variety of 
interpretations. In the general sense, computer literacy has been defined 
as an understanding of: / 
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1) What a computer/prograin can and cannot do. 

2) How to program a computer. [4] I 

Disagreement on how much ^phasis should be placed on go^ 
i3 the; primary difference/between two recent definitions of computer 
literacy [5,6] • AlthoughVthe amount of computer knowledge that will be 
needed by teachers will/differ, depending upon individual areas of interest, 
achieving goal #2 (How to program a computer), will be essential for all 
mathematics teachers, tb be able" to understand and apply the new 
ructionai materials that will express concepts using the algorithmic 
/point of view^ Vhe mathematics teacher mus]t be able to understand 
elementary computer programs. 



The First Stf 



Thafe are probably as many ways to encourage computer literacy in a 
school as there are ways to write a program to solve a specific problem. 
One w^y to begin is to provide a sequence of inservice courses for teachers. 
Below _is a sample sequence that lias been .used in a local (Kenosha, 
Wisconsin) inservice training' program. 

~7- - . i . 

Course: " • - • / 



Introduction To Computers. A 4 week (8-hour) computer awareness 
course built around the Adventures of the! Mind series of six 15 minute 
video tape programs about personal computers produced by Johns 
Hopkins University. 

• . ' * ' - 

EleaeaUry BASIC programming. A 5 week 00-hour) Computer 
programming course. Training materials used were specially designed 
for teaching teachers and were 'produced by the Minnesota 
Educational Computing Consortium (MECC). [7] « 

Advanced BASIC Programming. A 5 week (10-hour) advanced 
computer programming course also using materials designed by 
MECG.I8] >' 

Microoomputer Applications For The CT es room . A 4 week (45-hour) 
summer workshop on microcomputer, [applications covering the 
following topics: . _____ 



1) 



2) 



3f 



4) 



a) Classroom management software: \ record keeping, grading, 
^. worksheet and test making. 

b) ihatructional software: how to make your own, how- to-evaluate 
that of others. \ 

c) Utility software: Higher Text, Higher Graphics, Word Processing. 

d) Languages: LOGO, PILOT . \ 

Each of the 4 successive courses adds another layer of sophistication 
to a teacher's understanding of computers. Not all teachers need to begin 
with the first course, and not all who begin at this level will finish all four 
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courses. We have found that those who stuck with it and completed the 
summer workshop are how making substantial progress towards integrating 
computers iritd the mathematics classroom. ■ ' 

Beyond CAI 

CAI (Computer A$sisted Ihirtruction), as tradtionally conceived, has 
been one of the fondest dreams of educators. The possibility that the 
computer will one day make tndy individualized instruction tf reality seems 
reasonable enoi^h. Unfortunately, CAI has so far .proven more difficult to 
do well than was ever dreamed powible. As a consequence, programs ready 
for us^ today oh microcomputer systems merely hint at the potential of 
which educators have dreamed Sp what will teachers be doing with their 
microcomputers today? . ! 

In 1975, a survey of secondary level computer usage *evealc the 
following mix of iiistructionai computer activities:; [9] / 

Problem-solving 25% j 

Programming 25% 

Simulation and games 15% 

CAI 13% 

Guidance ic conseling ,15% 

* Other 7% - 
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1A \l980 ACM report on CAI in U.S. public secondary/elem entary schools 
Showed that: 90% of all school districts are now using the computer for 
instructional purposes} teaching computer languages is the number one use 
and; mathematics has the highest priority. * t 

'i;o the computer user, CAI and programming stand at opposite en<b of 
the computer applications spectrum. The first use requires absolutely no 
knowledge about computers, while the goal of the second is a complete 
understanding of how to control computers. Between using the computer as 
a teaching machine and using it to learn BASIC lies a sleeping giant — 
Computer Assisted Problem Solving (CAPS). 

Computer Assisted Mathematics Program — CAMP 

- Sr - 

The-idea--ot_using_ the ^computer, to provide students with an 

algorithmic approach to- mathematics and a chance to experience the 
problem-solving process first hand is not new. Fifteen years ago, it was the 
major emphasis of a pre-college program under the direction of David C. 
Johnson of the University of Minnesota named Computer Assisted 
Mathematics Program (CAMP). The program produced six books, one for 
each grade level 7-12, designed around the BASIC language in a time- 
sharing e*vtronmentr The authors give careful attention to identifying 
particular problem solving situations in which students could develop 
algorithms. The algorithms chosen were compatible with the mathematics 
curriculum of the grade level. , , — 

— "The result of the experiment, <as reported by the authors, indicated 

that the computer was an invaluable device - for demonstrating 
mathematical concepts. Also, the computer activitl% proved to be an 
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excellent device for involving the students in problem solving. There were 
many instances jn CAMP in which students were given the opportunity to 
design an algorithm, program it, and then run it on the computer. If it 
- didn't work, the student revised the program and tried again until it 
"worked." This type of "real worlcf problem solving, which is difficult to 
implement successfully in the traditional textbook setting, was found to be 
inherent in computer problem solving activities. 

" ' V 

In the early 1960 ? s when the CAMP materials were being developed, 
the computer was not an easy tool to use. Programs were stored on 
punched cards and submitted to the computer in a batch mode. Modifying a 
program was a very time consuming process* The availability of computers 
for high school students was limited and for elementary students 
0 completely non-existent. . In addition to these hardware limitations, the 
GAMP materials did not venture beyond the traditional mathematical 
algorithms found in the classroom texts. They did not introduce, for 
example, such programming strategies as recursion, backtracking, merging, 
sorting, and' branching that are commonly used today to solve problems 
with the computer. As a consequence, programs like CAMP did not have a 
long lasting impact on the mathematics curriculum of the day. It was 
viewed primarily as an enrichment activity. 

Computer Aastotad Pi^em 8civii« The Futir e 

It serais inevitable that the wide-i^read use of computers in the 
classroom will ultimate ly hav e a significant impact ofi mathematics 
curriculum, although the resulting derijpn is difficult to The best 

we can off er is an approximation. Below is a list of d^r^t ^pjg^mMtig 
categories that are closely related to mathematical cdM^ts arid skills: 

Ability to program a computer to explore and/or solve problems in 
the foUowii^ 1 

• L Numb^. . , . - -i ■ 

1. Displaying patterns. 

2. Transforming between bases. 

3. Counting. \ 

5. Searching for those that have mathematical properties. 

6. Sorting. 

_ 7. Shufflings — — - - — ■ -~ 

8. Generating at random. 

9. Coding and decoding. 

fl. Wordi 

1. Concatenation and decomposition. 
^« 2. Counting. \ z 
_ JL~ Sortings -~ — — ■ — 

4. Shuffling. 

5. Transposing. 

6. Coding and decoding. 
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m. Simulation 

\. Games of chance. 

a) Coin tossing. 

b) Random drawings or movements. 
2- Games of skill. * 

a) Board games. 

b) Strategy games. ' 

IV. Problem Solving Skills 

1. Backtracking. 

2. Bisection. -"77 
. 3. Recursion. / ^ - ^ 

4. Subgoals. / ' 

5. Trial&E^ 

Graphics / 

1. Plotting. 

2. Geometric designs. ' 

All of these activities depend upon and reinforce portions of the 
traditional mathematics curriculum. Examples of the kinds of 
programming problems that fall into these categories are widely available 
[11, 12, 13, 14, 15J ♦ None of these sources has, however, developed materials 
to a point at which they could be easily used in a computer-assisted 
mathematics classroom. At present these materials are primarily for 
enrichment activities. 

The development of a well-defined and interesting computer assisted 
mathematics curriculum is a long-term project and 7 will not happen 
overnight. It will require the combined efforts of teachers, students, and 
curriculum developers working together to make it happen. No matter how 
lphg it takes, one thing seems certain — it is inevitable. As Donald Knuth 
has stated, "Perhaps the m o s t sig r df lcam^ discovery generated by the advent 
of computers will turn out to be that algorithms, as objects of study, are 
extraordinarily rich, in interesting properties; and furthermore that an 
algorithmic point of view is a useful way to organize knowledge in 
general. n [16] 
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TERMINOLOGY 

The following definitiofrs of terms are presented to aid the reader with 
vocabulary used in this document: 

. * Computer Literacy - the ^experiences and knowledge nece$sary to under- 
stand the effects of the] computer on society and on th6 Individual. 
It is also exposure to the applications and limitations of the com- 
puter and being attuned to the social, vocational, and governmental 
implications of computers. , „ 

As a concept, computer literacy can be compared to reading literacy 
of the printed word. / Knowledgeable people in the computer field 
believe computer literacy to be needed and valuable fdr all people 
to a level equal to their other abilities. 

The above -definition is offered by this committee as a working^ 
definition of computer literacy for North Clackamas School dis- 
trict 12. There is much-controversy over the definition in terms 
of content and quantity of knowledge required for computer liter- 
acy. \ 

\ * 

* Computer Science - the stu^y of computers (history, social- impli- 
cations, applications and limitations, etc.) and how to use them 
(programming, problem solving, simulations, etc,. V, usually a course 
of study at the secondary level. 

+ Computer Programming - writing the instructions in a computer "language 11 



so that the computer can do the work- requested by the human operator. 

* Computer Hardware - computer equipment including timer-share terminals, 
hook-ups, and computers as we^l as micro computers such as the Apple, 
Pet, TRS-80, etc. I * 

! ' \ ; 

* Computer Software - the programs which can be used on a computer. These 
include programs. for drill and practice, simulations, games, problem 
solving, etc. Also included arte student and teacher-made materials 

as well as commercial programs or course work. 

1 t ' - 

* Computing Teachers - teachers whose students use computers in class- 
rooms or who teach the use of, computers to students. 

. i •/ - 

* Computer Education - instructional uses of computers in classrooms 
(as opposed to administrative usjbs-of -coflputer^^in-officesV This 
term is used to cover any aria all uses of computers in classrooms. 

* Computer Assisted Instruction (CAI) arid Computer Agrumented learning 
(CAl) % tHfcse terms refer to methods of learning whereby, computers 
assist the teacher in presentation of subject matter and/or improve 
student learning in a subject matter by some information or experience. 
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POSITION OF THE PAPER AND RECOMMENDATIONS TO NORTH CLACKAMAS SCHOOL 
DISTRICT 12 ". . 

* « 

The position of this paper and the recommendation of the committee 
is that North Clackamas School District 12 prepare a .^A(^0R COMPUTER 
LITERACY, Such a plan would include programs for tjie following groups 
of people: \ 

1. Administrators: inservice .programs designed to provide coiqputer 
literacy and to provide an understanding of student arid teaser 
needs in the area of computer educate on ; 

2. Teachers: inservice programs designed to provide computer 
literacy and to give assistance for student computer literacy. 

3. Students-: a program that will provide computer liteffccy by the 
end of the twelfth grade. , Special .students would; need to be 
provided with special programs which would meet their ri6eds. 

4. Parents and patrons: experiences to aid their understanding of 
the needs and priorities of computer education programs in their 
schools. - j . _ „^ 

_.-4. - — - ' " ~~ " ; 

5. Finally, the committee makes recommendations to the District in- 
tended to assist with the formation of a PLAN for computer literacy. 
Included are suggestions for the purchase of hardware, a steering 
committee, consultants, software, field testing, the computer 
specialist's office and a computer-use center. 



Recommended PHILOSOPHY for Computer Literacy Program: 



The Increasingly widespread utilization of computers T 1s 
having profound effects on, today's society* Computer education 
provides ah understanding of the capability and limitations of 
computers. It provides experiences which assist students 1n 
developing awareness, attitudes^ and knowledge for adapting to 
and coping with a changing society. 



Recommended PROGRAM GOALS for Computer Literacy Program:, 

Students will gain a substantial level of computer awareness. 

Students will develop a*P understanding of computers as aids to 
problem solving. ' 

Students will develop an awareness of the effects* and Influences 
of computers oh the Individual and society* 

Students will develop an understanding of the capability and: 
limitations of computers. 
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A detailed explanation of each of the components to be included in the 



District's PLAN FOR COMPUTER LITERACY folfows 



Administrators: inservice programs designed to provide 
computer literacy and to provide an understanding of student and 
teacher needs in the area of tomputer education. - 

A. An inservice program for District-level administrators 
should be -provided. This inservice should precede all 
other inservice parts of the PLAN since: these partici- 
pants are the District's, program decisionmakers. 

B. An inservice 'program for school administrators should 
be provided, this inservice should precede inservice 
for teachers/ 



C. "Other suggestions for administrator inservice programs: 

1. These inservices must be "Well organized, high 
quality programs which are motivational and 
fun as well as instructive. 

2. These inservices could be organised to take 
f rah 4 f to 16 hours depending on. jthe intensity 
and depth^f^1±e-iivs-tr^ 

3. 6utdelrines which include processes for receiv- 
ing computer instruction information and assist- 
ance and for appropriately using District -per* 

" sonnel associated with computer education should 
be included in the inservices. 

I 9 * N 

4. The inservices should be provided with follow-up 
learning expediences on a yearly basis. Such 
experiences, intended to. keep District admin- 
istrators current, could include a talk by a 
consultant, a "Hands -bn H workshop, a visit to 
view another districts instructional or 
admihistative computer* program, or the presen- J 
tat ion of "a book for reading by all administra~\ 
tors, etc.* 

5. In addition, the members of the Board of Directors 
could be invited to participate in one of the 
administrative inservice programs. 



Teachers: inservice programs designed to provide computer 
literacy or to meet their special, needs. 

A. Inservice A is suggested for teachers who teach computer 
education classes, this inservice is needed to pi-ovide up-to- 
date -information and to improve uhderstanding of computer 
instruction, in the classroom. In addition, this inservice is 
needed to provide, assistance and incentives for these teachers 
to become the leaders of other teachers in the area of com- 
puter education. This i/iservice will include mainly junior 
high and high school teachers of .computer science courses. 
The inservice should be presented prior to Inservice B, 
designed for ai r teachers, , and after the administrator irt- 
services have been completed. : 

B. ' Inservice B c is suggested for" all teachers who do not teach 

computer education classes . The inservice ts needed to pro- 
vide computer literacy and: to provide an understanding > 
of computer instruction >ih the classroom.. This program would 
include elementary teachers as well as junior high and high ' 
school teachers who do not teach Computer Science courses. 
Media specialists, counselors and special teachers would' 
also be included. This inservice should be presented after 
administrator inseVvices have been presented. 

Other suggestions for these teacher inservice programs: 

1. The inservice programs must be well organized, 
high quality programs which are motivational and 

fun as well as instructive. 

i 

They should be presented on an optional basis so that 
teachers who. are already interested in computer 
education will be the first to participate in the 
program. ; Later, the program should-be repeated for 
other teachers whp wish to participate. Advertising 
should raise teachers' awareness of the program so 
that many teachers can be involved.. . s 

Inservice B for nqn -computing teachers wOuld be 
mOst successful . should a building or department TEA^i 
CONCEPT be implemented. Building administrator, media 
specialist and computing teacher coriinritment and/or 
involvement is imperative to the success of the program 

Teachers (especially secdridary teachers) should be 
given opportunity to explore computer applications 
in particular subject matters or disciplines. ■- 
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5. In addition to providing computer, "awareness," 
Inservice B should provide "hahdss)n jT experiences 

for the teachers in qrder to achieve computer literacy. 

6. Meaningfuj incentives (i.e., graduate course credit, 
payment, it eJe^)^hould be provided so 7 that teachers * 
will choose to participate in the inservice programs. 

7. for best long term learning to result from teacher 
'inservice the District is advised to place hardware 

and software in. the classrooms of teachers parti cipati/hg 
in the inservice program. Tasks for teachers and ./ 
students can the>be part Of the inservice requirements 
and the "handsrori" tasks will increase the learning ' 
of participants. 

8. Incentives for Inservice A need to be developed 
so, that present computing teachers will ^take — 
responsi bil Ity for computer education 1 eadership 
in their schools. Their responsibilities could 
include the following: 

a. Assisting with improved teacher 
literacy... 

b. Assisting teachers in th> use of 
computers., 

c. Acting as school liaison with District 
computer personnel. . 

d. Spearheading publicity and/or promotion 
for computer education programs to the 
parents/patrons of the school and/or 
District. ' 

e. Assisting, with the dollecting of needed 
Xand/or appropriate software for teacher 

use^in, the. school . 

Computing teachers from Inservice A should be involved 
-in Inservice B in the following, capacities: 
\ a. Assisting with N the implementation of the 

\ inservice/staff development program. 

b. assisting teachers from the same school 
\ in their learning and experimenting to 

V reinforce the Team concept. Inservice B 
\ wouldbe the beginning of a helping relation 
1 \ , ship between the- computing teacher and 
\ ^non-computing teachers. *' 

An incentiV^ for computing teachers could be scheduling 
one period per day for assisting teachers with computer- 
related problems and needs. A building specialist could 
be designated with-in each building. 
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11. the teacher insenvice programs should address the 
need for horizontal- and vertical T articulation in, . 
computer education; within th^^triXt:-.-- r ^Vlow4ng -L 
the 1nserv1c>H>rogTTwnsT^"Tculation meetings; should, be 
set up^ through the office of th£ District computer / 
education specialists. Teachers need to know what/ 
other teachers are doing and have done with both,j»eg- 
atlve and positive results. - 

12. Community schools , PDCj Computer Services and other* 
resources should be encouraged to provide computer 
literacy courses for teachers and community members. 



Students: a program which will provide computer literacy 
by the end of the twelfth grade!. SpeciaT sjj^ents nejd to^e pro- 
vided; with special programs which will meet their needs. 

« 1 * ¥ t % 

A. A Krl2 LITERACY PROGRAM/ for all students should be pro- 
vided. 

1. Suggestions for the K-6 program include: 

a. Exposure to computers 

b. Familiarization with the keyboard 1 

c. Completion of computer readiness tasks 

d. Understanding of uses of the 'computer 

e. Understanding of the history of computer 
use ,. i " - 

f . Use of calculators , , - - . 



2. Suggestions for the 7 ^program include: 



a. In-depth computer expediences 1 

b. History of computer!- 

c. Social Impact of computers ' 

3. .Suggestions for the 9-12 program include: 

. a. Uses- of computers 

b. - In-depth social impact Of computers 

c. Hi story of computers \ < 

B. SPECIAL PROGRAMS are needed to meet special student needs,. 

1. Accelerated students ne6d enrichment programs. 

a. ' Elementary schools should continue to 
• provide programming tasks for TAG, 
students. 
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b. Junior high' schools, should provide 
programming tasks* and other projects 
fpr ; TAG students. Or perhaps ad- 
vanced computer science- courses 
should be provided for advanced stu- 
dents (not restricted to TAG students) 
who. have prerequisite skills. 

c. High schools should; continue to pro- 
vide advanced compute?*, science courses 
which include programming. 

2. Low achievers and/or handicapped students need 
programs to work with computeVs. 

a. Krl2 computer assisted instruction can 

. provide^ drill and^prjLCtiica, tutorials^ 

probem solving situations, etc.. to 
improve achievement in a variety of 
subject matters. * 

_ i ' 

Other"~stig^^ for the Krl2 computer literacy programs 
for students. , < 

1. the K-12 LITERACY P ROGR AM^oitTd i-at Ji rst , in- x 
elude variety of computer experiehcerTcm^st^^ 
with which teachers feel comfortable. Computer ' **" 
Assisted Instruction assists with student literacy 
and should be encouraged in a variety of subject 
matters as teachers locate or create software to meet 
thfctr students' needs. . 

2. Computers should initially be placed in class^ 
rooms of- teachers who have participated in in- 
service programs and have stated the need of 
hardware for student use. 

3. Suggestions for curriculum forL-grade level 
teachers and guideHnes'fof administrators could 

'organized and written by a team of teachers 
next summer.. A core of computing teachers who 
. are capable of the work are presently working 
in the District. 

4. Much of the K-12 COMPUTER LITERACY PROGRAM could 
be integrated into the social studies curriculum. 
A possibility for organization of instruction, at 
the. secondary level is a' team- teaching situation 
involving a social studies teacher and a computing 

; teacher. t 

5. For a student to achieve computer literacy. by 
graduation from high school few changes- in present 

\ 



curriculum\ would need to be instituted (as 
compared to implementing a math, spience or 
art* program for all students) ; Remember, the 
computer is only a tool about which; students should 
learn. . j 

\ 6. For the first 2 or 3 years teacherjs experimenting 

with computer use in various subject matters will 
provide the foundation and leadership for a more - 
, solid curriculum in the future. Any curriculum 
in the near future mist, of necessity, be flex- 
ible as teachers i students, and society achieve 
better understanding of computers land their uses. 

7. For coordination of the SPECIAL PROGRAMS the TAG 
and Student Services departments would work with 
the Computer Education Specialist. Beginning 
attempts in these areas will largely depend on 
the initiative of teachers. 



Parents/and patrons need experiences to aid their understanding^ 
of the needs and priorities of computer education programs in their 
schools. • 

A. A variety of suggested experiences for parents/patrons 
follows: 

/ 1. PTA and PTO's couid be encouraged to proyide 
• - 'programs for parents in order to make them 

current in the area of computer education. Such 
~grdiipV»tght be invited to participate in the 
funding ofliardware/software fori their schools. 



2. Parents/patrons could be encouraged ~toj^tic,i pate 
in the teacher inservice program which provides^ 
personal computer literacy. Participation of_ 
parents along with teachers and other staff m the 
school his many rewards. 

3. As computer education changes in the Di strict , 
parent tea and coffee events could be encouraged 
through, building advisory committees . 

4. Building and District advisory committees could 

be given the task of making t ec ommen datiops or 

stating options on. -the following: 

a. Rationale and method of promotion 
for community approval for the use 
of calculators and computers as tools 
in instruction. 
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b. Needs assessment for hardware/ software 
and calculators' for their school. 

c. Input forthe formation of the plan 
recommended in this document for com- 
puter education. 

d. Community Schools could be encouraged 
to provide computer literacy courses 
for community members.^ 



Miscellaneous recommendations to the District to assist with 
computer edupation programs . 

A. A flexible plan which includes short term and long range, 
goals for the purchase of hardware is^needed. 

1. Short term goals should include the purchase 
of hardware enough to assist with administrator 
arid teacher iriservice requirements. 

2. Long term goals should include the purchase of 
hardware: enough to bring schools fn line with 
each other arid- to suppjy/hardware to teachers 
who Wish to provide student experience^ on 
computers. 

B. A flexible plan for the purchase, cataloging, storage, 

advertising, and distribution of software is. needed. 

i ■ - 

C. Long range plans; should include the defining of District 
minimum standards for computer literacy for students. 

D_. Admini'strrtion^^ 1 i teracy 

.among the District priorities. 

E. 1 A steering committee should be retained throucjh the 
year to work with the district Computer Specialist for 

\ the formation of the PLAN for computer education. 

F. Colrjege^and university staff as well as stsff from the 
Northwest Re^onaUEducational Laboratory should be used 
as consultants for compter education. 

G. When possible, field testing of parti culaTplcirts^oJP programs 
shpuld be done. For example one or two elementary scRools 
might field test the process for using calculators in math 
classes* or providing sixth graders with "hands-on" computer 
experiences, etc. 
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In order to assist teacher learning regardless of the 
person's stage of computer familiarity, the District needs 
to provide a computer-use location for staff. A teacher 
should be able to come to the location and, with minimal 
assistance from a staff member, be able to complete simple 
tasks and to experiment With simple programming of classroom 
materials. 

This location could also serve as a District resource 
center for teachers, Books, journals and software for 
computing teachers' use could be housed at this location 
until other arrangements could be made in coordination 
with Instructional Media Services. ' 

For easy implementation of this suggestion two micro- 
computers could be given space at the Computer Education 
Specialist's Ideation. The secretary would be responsible 
for booking reservation times.. At times when computers 
are not reserved, teachers coufd walk in and use them. 

The rationale for the teacher-use location is to provide 
a hbn -threatening situation for teachers beginning to 
experiment and wishing to learn at their own rate. Pro- 
motion and publicity for this center could be handled 
through the Computer Specialist office and PDC. 

The committee's recommendations for the District 
Computer Specialist's office follow: 

* 

1. Write guidelines for the, purchase of hardware/ 
software for administrators. This method, will 
insure a standardization of equipment throughout 
the District, insure cost effectiveness, and 
contribute to eventual uniformity of instruction. 

2. Coordinate the sharing and exchange of hardware/ 
software among schools and' departments for the 
next 2 or 3 years. - 

3. Coordinate the ihservice programs in the District. 

4. Work with PDC and EPC to raise the awareness 

of teachers to possibilities in the computer field. 



5. Update the District on the "state of the art" 
• periodically since computer education is a 

changing field. Much help and direction can be 
gained by staying current. 

6. Provide -leadership for the formation of the PLAN 
recommended by this document, r 



Coordinate and\provide leadership for the 
various committees, departments, centers, etc. 
which are involved in computer Jiteracy programs 
and computer use'\1n instruction. 



154 



THE BACKGROUND OF THE STUDY 

In January, 1981, the Instructional ComputeY Services Advisory Com- 
mittee was formed to help the; administration develop a plan of action for 
developing computer services to meet the needs of students in the North 
Clackamas School District 12. 

Part of the Committee's task was to develop a five year plan of 
action f6r the instructional computer .services program; the timeVine of 
tasks was completed* 

One of the tasks concerned the preparation of a position paper on 
computer literacy. The District administration designated a curriculum 
administrator to coordinate this project. 

The Curriculum Coordinator brought together a team of professionals for 
one week in the summer of 1981. The team members consisted of teachers * a 
media specialist, a vice principal and a facilitator from the curriculum 
office to i provide leadership /for the team. 

THE PROCESS FOR DEVELOPING THIS DOCUMENT ... ' 

The week the professional team worked was divided into two parts. The 
first three days were given to researching the state of the art, and the last 
two days were spent planning for District computer education programs and , 
making recommendations consistent with the research. (See Appendix A) 

Doing the research 

In the beginning the team bra instormed questions which needed to be 
researched; then, the team prioritized the questions and accepted only a 
few main questions for study. ; : 

Team members read books, journals, and conducted interviews to find 
answers to the questions. Each time / a source addressed one of the 



committee's questions, a report form was completed on the resource. The 



form contained bibliographical 
the author and the opinions of 



information, a synopsis of ideas given by 
the reader. 

Finally each member of the team took a question and reported the find- 
ings of the research to the total group. 

Later, the team facilitator put together the material in this document 
using the research reports. 

Planning for District Programs 



The team constructed the following for computer education for North 
Clackamas School District 12: j 

I a philosophy 

* » * 

I- program goals 

• a definition of computer literacy 

• recommendations foir District programs for administrators, 
teachers , parents/patrons , and. students 



Later the facilitator used 
write the recommendations in th 



the information developed by the team to 
s document. 
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MICROCOMPUTERS: A CREATIVE APPROACH FOR YOUNG MINDS 
Marilyn S.. Buxton and Henry A. Taitt 

M 

Five years ago there were no microcomputers- £n the schools. 
Three years ago there were a few hundred, j One year ago there were 
a few thousand , mostly in high schools^ Next year we will be 
counting them in hundreds of thousands \at all grade levels* 

Why? What is being done with them? What should be done with 
them? How do they help reach educational goals? Will their curr- 
rent uses change? Will they change education? You will note that 
microcomputers, are not ONLY ifi scHpols. l ,They are becoming common 
in businesses and in homes. You can get tane through the Sears or 
Penney 1 s catalog or from your friendly ne^l^r^^ 
the whole nation turning into mathematicians and scientists? Of 
course not. 

What has happened is that man has created a new tool, the most 
significant new tool he has designed in centuries. Man first- used 
stick* and stones to extend his reach and strength. Most new tools 
since that time have, in more or less elaborate ways, extended 
his physical capabilities. The microcoi^puter makes it possible 
for man to extend his mental capabilities. It is a generalized 
tool that can be used in an endless variety of ways, in almost 
any field to serve many different purposes. It offers something 
to everyone. While experts in math, science and data processing 
have made this tool available to us, we will have to find out for 
ourselves how it can useful to us. Our challenge today i* to 
see what educators will do with this new tool to provide for a com- 
puter society. 

j - v \ 

i 

Special Features 

The microcomputer has several special features in common* with 
other major tools such as the pencil and the telephone. 

One Person Operation - 

. A microcongputer keyboard is designed to be used £y one per- 
son. It is possible to share it. In fact, two people can share 
one telephone receiver, tfhey can. take turns communicating with 
the person on the other end or one can listen in the top half 
while another talks into the mouthpiece. Neither is very satis- 
fying. Nor is sharing ^ pencil. Nor is sharing a computer. It 
is often called a personal computer. It is designed for individ- 
ualized use by one person. 

Inexpensive j 

Conputers were once so expensive (millions of dollars) that 
only the U.S. Government using our tax dollars could afford them. 
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No mere student could be allowed more than a fraction of a minute 
of its computing time* . So, many terminals^ were set up where indi- 
viduals who had carefully prepared their programs in advance by 
flow-charting , key-punching and , pains taking review, cojUd' try them 
now to see if they worked. Micros have made all of that/unnecessary 
and obsolete ^ For between $400 and, $1,000, you can qyL your own. 
Many people spend that much per year *6r their telephone. They pay 
it willingly because their phone has become a useful part of their 
daily lives. Micros are rapidly going the same route, 

/ \ 

Versatile , , \ 

A microcomputer can be used for an enormous variety of tasks. 
We will continue to see its role increasing as a means of getting 
goods, services and information to our homes quickly and efficient- 
ly* Data storage and retrieval, calculation and Computation, word- 
processing, music, environment control and entertainment are ^ust 
a few of the more common uses today. Others are being developed 
daily by people who have needs and know how to 'make the microcompu- 
ter work for them. 

Fast, Accurate, Maintenance Free, Far-reaching 

Powerful and efficient, today's micrdconputer is extremely 
fast (because it doesn't need to be shared), quite durable and 
very inexpensive to operate, tod — we can communicate with equip- 
ment out in the farthest reaches pf the soiar system by computer. 

Immediate Feedback 

The microcomputer makes it possible to- type something in, try 
it, and see immediately if it works. It is also a marvelous way 
to learn from your mistakes. You can try alternatives and immedi- 
ately see the results, discover your errors, correct them and try 
again. Through this process you can learn how to learn from your 
mistakes. 

* < — 

Goals of Education 

As educators i we.riust first be dedicated to our purpose for 
being teachers j yrf must clarify our goals. Then we can see how 
microcomputers can help us reach those goals. 

Basic Skills 

In spite of the rigid interpretation and variety of meanings, 
most of us believe that the schools must continue to build basic 
and essential skills in each student. 

These skills would certainly include effective communication 
as a two-way street — expressing and understanding . We expect 
our students to master both written and spoken communication arid 
many also try to excel at more subtle forms of communication through 
facial expression, body language and symbols and signs. 
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An understanding of computation , how ,to^ use numbers to find 
out what you want to know ~, whether it's your batting average or 
how .much money remains in your checkbook -r will continue to be 
important . While bur hand-held calculators and computers will 
do the arithmetic for us , we will still need to know what should 
be done furid what factors affect the total. Understanding of math 
principles and applications will replace mere ability to quickly 
recall sums and quotients* * 



Locating, acquiring; retrieving and applying information has 
always been important . We have taught library skills and research 
skills for centuries. Even our* elenusntary students > use personal 
interviews, telephone calls ? correspondence and field trips to 
extend their information accessing abilities. As information and 
knowledge continue to expand, the ability to select what is worth- 
while and useful will become increasingly important. 

* Problem-raolving ability will? continue to be a major goal . 
Reasonable and logical thinking based on valid 4-nformatioi^ri.il a 
very difficult skill to teach but it remains a very ij^ortant^basic 
skill, x , 



Creativity in thought and actions is a vital basite skill . Too 
often, creativity is thought of as art or creative writing ^ecau&e, 
of their visibility. Teachers, will continue to be challenged to 
develop creative thinkers in science, math, business affairs, / 
social decisions and personal living. While some have tried to < 
encourage creativity in students , most highly creative individuals • 
report they developed their skills in spite of their schooling 
rather than because of it. We still have much to learn in this 
area. 



Self- Image 

Everything from drug abuse to war has been blamed on the 
destructive power of a person's self image as f weak, defective, 
incompetent, unworthy and unlovable. :Most of us become very good 
very young at hiding our negative feelings about ourselves. As 
teachers we must .continue to have as our goal for students an 
enhanced sense of internal control, competence, self-expression, 
Uniqueness, self-confidence and sense of purpose. . 

Employ ability 

The ability- to do some form of useful productive work, to adapt 
skills to new job situations, to take pride \ in a job well done and 
to provide for one's own support, are skills that are required both 
by individuals and by society, and will continue to be a goal of 
good teachejrs. 

Diversity/ 

national philosophy and structure require individuals with 
a divey£ity of skills and talents. Any successful team requires 
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good players in all positions , each competent but different /from 
one another. The* nature of public schools encourages .uniformity * 
Students are too J?f ten rewarded for knowing the same RIGHT answer, 
the answer that the. teacher knows. Tto ability to consider con- 
iflictihg.W this time, 

jplace and event is rare. Our pressures to develop nSfiXnm*ip^%gn 
cies often encourage us to give all students the same courses. 
Good educators niust continue to build on unique, individual talents 
and to graduate students who are different' from' one another. 

Microcomputers in Education: Two Challenges 

The kind of microcomputer prpgr^ one establishes must be in 

harmony with both the program's goals and the microcomputer's key 

features. There are two main ways to look at It J 

* »* 
The Microcomputer As a Tool to Help Accbmelish Educational Goals 

Because of its special features described earlier, the micjro-r 
cwnputer can be an astonishingly effective tool for helping reach 
traditional and timeless educational goals. Basic skills, posi- 
tive self-image, eniployabi/lity arid individual diversity can be 
key elements in a carefully pi anned program. That seems at first 
like a sweeping grand; and glorious (AND II^POSSIBLE) scheme. We, 
too often, forget humai* unity. ^ We think that when we break things 
out for Special focus or study ^ ^ey become separate things. But 
they are still part, of the Whole person. ■ What is good 'for th£ 
person 1 is often good for the separate parts as well. We may study 
the brain , heart f unction , 'physical stamina, good looks, blood 
circulation and lung function- Is it possible to, plan a program 
to in^rove f each of these? Of course it isl It * would consist of 
a wetl-balanced dietr, rest and exercise. And a well-balanced 
microcomputer program consisting of information, support, enter- 
tainment, relaxation; and challenge can iiqprove all of the basic 
'skills we have discussed, "it is happening hpw in many schools, 
private centers and homes across ti^^ovmtryl 

The Microcomputer as a Subject Itself 

Because of the impact of the microcomputer on every level of 
our society, educators are, being called on to prepare stwSents for 
microcomputer use. At the present tin*, ther* is a great deal of 
confusion about what 'that means. Some of the most boring, worth- 
less and least popular classes in nearly every field^have titles 
beginning: ^Intr6ductioh to . . .", "Orientation to • 
^Survey of- .,\ V (. H . We have all suffered through these. There 
seems to be an unquestioned idea that a student should start an 
area of "study by getting a broad overview of the field. Yet only 
a* quick look at the~real world outsid* of school reveals that 
most of the people who have an understanding or overview of their 
whole field began by getting excited about one tiny spot. The 
hobby enthusiasts speroi hours working in their chosen area. They 
get very good at-itj. \t leads ' them inevitably in larger and 
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' larger' circles of skill and knowledge. How many small boys would 
build models if they had ^to start out with ah overview of the 
history of model building, types of models to bui).d/, ways to dis-^ 
play completed ; models, or descriptions of the country's best 
model builders. Or suppose we taught baseball to/ young .children 
by requiring that they learnXthe names of major league teams , 
best? players in each position^ current batting averages and 
league standing before they could use a ball? Yet, .how/many kids 
qollect baseball cards arid drill themselves on these things 
Because they first enjoyed playing- ball? \ \ 

J \^ 

~ We often see microcomputejr programs with overview "6^ literacy 
courses as the first^ ij^roductpLon students receive. .Others begin 
by allowing children €6" only rjespond to software previoi^ly loaded 
by- the teacher. Some try to give every student exposure to the 
microcomputer as though* computer knowledge were contagious and a 
student could catch it by looking at a microcomputer or even touch- 
ing it* for a few minutes,,- In, an effort to serve iyiany students with 
few computers* some programs/ attempt to work With several students 
at a time, sharing a computer. 

7 < * ' 

We are enpouraged however by the growing number of teachers who 
have discovered as we have/,, €hat there is a much more effective 
way to involve students. /These excellent programs are being devel- 
oped by teachers who are iiot at the mercy of computer experts, 
computer salesmen, or software publishers. These teachers have 
kept in mind their $oaW as educators, their responsibility to pre- 
pare students to^s|*/jthe techno logy available to them and the spe- 
cial features of t.lfe n microcomputers. Good diet, rest and exercise 
can improve anyone ? s ttealth^and vitality thereby making each part 
function better. GochB ndcroconpirtej^ ^rbgreui«^ are effective with 
all type* of students — kindergarten through .college, adults 
from the ccramtmity, business and professional people, gifted stu- 
dents/' mentally retatded/students , hearing- impaired students, 
behaviorally disturbed students, go6d and average and poof stuuents. 
Inpossible? No! It's realityJ We l>ave seen it happening in 
selected spots across the nation. A .solid basic* plan, good 
materials,, a trained teacher and 'freedom to use the ^bmputer .with 
the type of student the teacher knows how to work with produce it! 

Basic Ingredients *of a Sound Approach 
to Microcomputer Instruction ?d 

Remember the special features of midros: 

(aj^dhe p$raoh ope$|tion \ * 

(b) inexpensive ,\ 4 + 

(c) ^Versatile * V* • ' 

v /(d) Fast,, accurate., far-reaching ' \ ' 

' - V(e) Jnunediate feedback 



Remember the challenges: 

(a) Enhancing educational goals ofs / 

/ 

(1) acquiring basic skills / 

(2) developing a positive self-image 
/ (3) learning employment skills 

(4) student diversity / 

(b) Preparing students for a technological society 

A good program takes advantage of /these features. That means 
that: ' / 

(1) . Each person must have the computer to himself when he xs 
using it. This can be accomplished iy a scheduling which allows 
students a minimum of one-half 'to onk hour sessions at least once 
a week. Not all students,-need-to participate at the same time. 
Some schools change student groups each semester. Others have 
students come several times each week\ f or fewer weeks. Still 
others schedule individuals at a learning center. 

(2) Students must learn to control, command and communicate 
with the equipment. At all ages and ability levels we are finding 
young people who know how to: 

(a) Create briginal programs on a microcomputer 

(b) Load programs written by others, changing and 
adapting' them when necessary 

■ ' \ / I' , . . 

(c) Express and apply their musical talents, verbal 
skills, mathematical knowledge and artistic abilities 

(d) Use the computer to do routine chores, help tbem 
with schoolwork, keep, lists, and solve problems 

(e) Enjoy the microcomputer for- games, hobby appli- 
cations andlother recreation. 

• V | 

(3) Students will represent a diversity. of skills and ability 
in operating the equipment -and expressing areas pf talent. This is 
tjue oecause each student must be guided' and directed from within 
Selr He gains information from a variety 9=f sources/including 
instructional materials, but\at his own/ pace. The teacher must 
support, stimulate and challenge him as an individual. 

(4) A hobby^like enthusiasm must/ prevail./ Students will have 
fun and their enjoyment will enhance -their JLearningv 

(5) Each student should learn through an individualized, self- 
paced, hands-6n discovery method.. He then can- locate and correct his 
own errors and\s not dependent \* ' the teacher for answers. 

* \ » 

• ■ : V 
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The CREATIVE PROGRAMMING f^R YOUNG MINDS curriculum was designed 
specifically to enhance such btbgrams. While these instructional 
materials provide the structure for learning- prqgranpirig skills/ they 
are designed to gradually l^a^ students from dependence on either thfe 
teacher or the materials tp independent future learning. When- guided 
by teachers trained in tWir , effective use, children produce remark^* 
able programs after dnly/a short time. Only later; after they have 
been enticed by the intafxicating opportunity to command a computer, 
should stu&ents Jfc>e offered the opportunity to learn about computers. 
We don't teach writincf by first studying the manufacture 6^- pencils. 
Like the pepcil, the microcomputer is a topi for self^epression. 
Therefore, any good Educational program ^ 
creatively. i ^-^"^ 
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. COMPUTERIZED LITERATURE SEARCHING OP EDUCATION 



AND EDUCATION RELATED LITERATURE 
Laurene E. Zaporozhetz 

/ 

/ 

Introduction 

Computerized literature searching allows the educator to be- 
come familiar with resources that assist individual teaching styles 
and methods, pupil -heeds,, educational research and evaluation and 
curriculum materials. / 

' / 

Unfortunately, computerized searching of education or educa- 
tion related literature is surrounded by many myths. Some of 
these Include: 1) Price . Estimates run from thousands of dollars 
to the "McDonald's attitude'/ where people expect change back from 
their dollar. Neither is /true, different databases have different 
charges. 2) Coverage . Ah assumption exists that "everything" is 
in the computer, again^untrue. The field is less than twenty years 
old. New databases appear periodically, but many sources still 
must be searched by hand. 3) The entire document is in the corn- 



filter. The majority of databases contain bibliographic, information 
that refer to a printed document, but do not reproduce the full 



text of it. 
Database 



A database is a collection of machine-readable records. In 
bibliographic searching, each record represents a reference to some 
type of printed document. Each record is made up of fields contain- 
ing a piece of information about the record. Typical fields in a 
record include: accession number, author, title, source (Journal 
citation or. publisher) , descriptors (controlled vocabulary) , and an 
abstract. The fields available will vary from database to database. 
/ ' - ' ■ " 

/ There are many considerations in" choosing, a database. These 
Include the scope and subject coverage, the types of documents 
included, the selection policy, the intended audience, the time 
period covered, the languages included/lfche, searchable fields and 
the indexing principles involved. 

I 

Computerised searches are conducted by compering your informa- 
tion to information collected in various databases . The computer 
searches the Individual terms in the records in the database. Any 
Information can be in a database, bufusually it is bibliographic 
and refers you to a printed document. Many databases have print 
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counterpart* that can be etudied as a visual representation of the 
information available, but other databases exist only as computer 
files and are not, available in a printed copy; Access to the in- 
dividual database files Is through a search system. Today we will 
look at the Bibliographic Retrieval System. 

t- 

Bibliographic Retrieval System 

BBS is an online interactive computer system that is accessed 
remotely through a telecommunications network. "Ohltoe?Li»dicates 
that you are in direct contact with- the irn fp u tjer^^tmractiyjg^ 

means the machine provided you with inf ormationthrdughout-the 

search, so you can change or end the search at any time. A "tele- 
communication network'? is an alternative to traditional long 
distance phone charges, using a local terminal, the searcher uses 
a telephone to "call" the| computer^system, and, messages are trans- 
mitted via the communications network. 

Preparing for a Search 

To begin a search, first clarify your question and the type of 
search you want. For example, do you want a broad search for a lot 
of material, or a quick search for a few articles? Second, choose 
relevant databases. Third, divide your question into facets or 
word groupings and develop e list of keywords to describe your In- 
formation needs, If applicable, to -the database, list controlled 
terms from the Theseurus for each concept. 

The final step is to use Boolean Logic to formulate logical 
groups for the facets of your search. The term "OR" links your 
synonyms and broadens your, search. The term "AHD" overlaps con- 
cepts that appear within the same citation. The term "NOT" excludes 
a group of terms or bibliographic limitations. 

Multiple Searches 

Searches can be run through many databases. For example, a 
search on "sex differences in math for retarded students" could be 
run through ERIC (Educational Resources Information Center) ; PSTC 
INFO (Psychological sources); Exceptional Child Education Resources; 
Dissertation Abstracts; and the national Center of Educational Media 
and Materials for the Handicapped. Each of these databases collects 
different types of Information. Tour needs will determine how many 
different databases should be searched. 

For Further Inf ormation 

The appended bibliography identifies bibliographic search 
systems, books' and articles explaining the search process ^and 
database directories. 

; ' - , . ' \ . . 
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Selected Bibliography 



Major Online Bibliographic Information Retrieval Systems 



Bibliographic Retrieval Services (BRS) 
702 Corporation Park 
Scotia, NY 12302 
Phone (800) 833-4707 • 



Dow Jones News/Retrieval 
22 Cortlandt Street 
New York, NY 10007 
Phone (212) 285-5225 



Lockheed Information Systems (DIALOG) 
3460 Hillview Ave. 
Palo Alto, CA 94304 
Phone (800) 227-1960 

\ * • • 

National Library of Medicine (MEDLINEX. 
8600 Rockville Pike 
Bethesda, MD 20014 
Phone (800) 638-8480 



New York times INFORMATION BANK 
Mt. Pleasant Office Park 
1719-A Route 10 
Parsippany, NJ 07054 
Phone (800) 631-8056 



SDC Search Service (ORBIT) 
2500 Colorado Ave. 
Santa Monica;" CA 9040"6 
Phone (800) 421-7229 



/ 
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journals 

Database : The Magat ino of Database Reference and Review. 
Online Incorporated 
11 Tannery Lane 
til — - Weston, CT 06883 

Online : The Maaaalne of Online Informations Systems , 
% Online Incorporated 

11 Tsnnary Lane 
\ Weston, CT 06883 

Online Review " ~ — . _ 
Learned Information Incorporated 
The Anderson House STOKES ROAD — 
Medford, * H.J. 08055 

- ' : \ 
Books and Journal Articles i 

Blue, Richard I. "Questions for Selection of Information 
Retrieval Systems. 91 Online Review . 3, 1 (March 1979), 
pp. 77-84. 

\ Bourne, Charles P. "Online Systems: VHietory, Technology, and 
\ Economics.' 9 Journal of ASIS . 31, 3 (May 1980), pp. 155- 

160. ' V" " _ 

Fenichel, Carol H. and Hogan, Thomas H, Online Searching ; 
A Primer , Medford, H.J.,: Learned Information,. 1981. 

Jewell, Sharon and Brandhorst, W. T. "Search Strategy 

tutorial: Searcher 9 s Kit." Washington: National Insti- 
tute of Education, October 1973, ERIC Document number 
ED-082-763. 

Rouse, Sandra H. and Lannom, Lawrence W. "Some Differences 
Between Three Online Systems: Impact on Search Results." 

Online Review .!. 2 (June 1977), pp. 117-132. 

* "* ' - ■ , * ~ ■ _ 

Smith, Sally M. "V«m Diagraming for Online Searching." 
Special Libraries . 6/ , 11 (Noveaber 1976), pp.. 510-517. 
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Directories 

Hell, j. L. , Online Information Retrieve! Sourcebook. 
2nd edition. London:" ASLIB J 1981. : 

Hoover, Ryan E. , jet el, , the Library end Information Manager 1 a 
Guide to Online Services . White Plains, New York: 

Knowledge Industry Publications Incorporated, 1980. 

_?> » - 

i 

Kruzas, Anthony T. and Schmit troth Jr.;, John, editors, 
Encyclopedia of Information Systems and Services . 
4th edition. Detroit: Gale Research Company7T981. 

Wanger, Judith, Landau, Ruth N., and Berger, Mary C., 

Directory of Online Databases . Santa Monica: Cuadra 
Associates, 1981. Semi-anjuial updates. 

WilliamsV^Martha E . and Rouse, Sandra H., Computer-readable 
Bibliographic Databases: . A Directory and Sourcebook . 
Washington:^ American Society for Information Science. 
1979. 

Bibliographies 

Hawkins, Donald T., 'Valine Information Retrieval Bibliography, 
1965-1976." Online"Rev!tewr "l .^Supplementr^anuarv 1977V: 
pp. S11-S122." ' 

"First Update." ( taline Review . 2, 1 (January 1978), 
pp. 63-106. 

Online Review . 3, 1 (January 1979) , 



"Second Update." 
pp. 37-73. 

"Third Update." Online Review . 4, 1 (January, 1980), 
pp. 61-100* 
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"Fourth Update." Online Review . 5, 2 (April 1981), 
pp. 139-182. ' : 
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An Educational Psychologist looks at Computers 
R. J. Rankin 



; .' University of Oregon 

I. What is all the fuss about? 

Are the questions we ask about computer languages, sequences of 
instruction, computer .curriculum and motivation new to the educational 
psychologist or are they refra1ns-on the ancient empirical vs. rational 
debate? Cary Uu, a computer designer, journal editor, and programmer, 
in Science '82 asks' the question, "What good, are home computers?" 
After destroying illusions that they can be used 1n a practical way ip 
{balance check books, do taxes, and file recipes,' she asks "What is left?" 
;Her conclusion 1s that for most honest people, games. She says computers 
majce sense for those who really need them. If she is right, the question 
becomes "Who needs them?" She needs them, I need them. Why? Mainly to 
do raoie efficiently those things we already do. One does not need a 
word processor if one never writes and a word processor won't make a 
person a writer but might make one a' better, o> at least faster writer. 

il. What do colleges of education need computers for? 

It is often proposed: that they can make education more motivating, 
more fun,, and more memorable. While these may be worthwhile .goals, it is 
challenged that the main purpose of education is to keep students amused. 
Schools and colleges need computers to do better those things they already 
do, including innovate. j 



HI. Are there direct transfers from what we know aboift learning that 
can, be used to help in the introduction of students to computers? 

* Yes, reinforcement theory, contiguity theory, and perhaps most 
important, social learning theory,, give us much to- tell educators about 
k teaching prospective teachers how to introduce their students^ to computers. 
Specific examples will be presented. 1 ^ 

IV. A description will j/e given of the way a computer was integrated 
into a university coursfe in measurement, the beneficial effects oh the 
students, the costs to the instructor, and the required support system. 
Questions will be raised as to the long term effect of the instruction 
on the goals for the course. i 1 

V. A description will be given of the education of one teacher into tte 

* * 

use of micro computers, what happened when she returned to the classroom, 
and how her students viewed and used the computer. The results may be- 
somewhat surprising to many. The majority of a random selection of 
children do not evidence much interest, in the computer. Those who do 
become quite possessive of their skill and the machine. The arrogance 
of mathematical skill and computer knowledge starts early. Children 
self sor-t^on their perceived ability. The sorting dimension may be 
problem solving skill. It is proposed that computers may not teach 
problem solving, but may be used by those who find they have problem 
solving skill . 

VI. Th£ thesis will be explored that computers are very functional tools.' 
As they become more available to teachers they wili be used in as many" and 
unpredictable ways as are any good and versatile tool. 




It will be proposed that we are now going through a period equivalent 
to the 1940s when parents were afraid to j touch the babyf f or fear of warping 
its- psyche. Some of our fears about the misteaching of computer skills 
may be as unfounded as were our fears of raising children, were then. 




\ 
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DIRECT 'INSTRUCTION MICROCOMPUTING IN PRIMARY SCHOOLS 
MANIPULATION OF CRITICAL" INSTRUCTIONAL VARIABLES 

Amanda fe'elder 
Alex Maggs.- 



Introduction 

The Increasing emergence* of computers into diverse facets 
of daily life requires vast numbers of people competent in 
programming and general. application, Con4^9 ucnt ^y> wit * 
reading, writing and arithmetic, it is envisaged that computer 
literacy /will become a basic skill. Microcomputers are 
currently used as instructional tools; that is, computer 
assisted instruction in many primary and. secondary schools 
across Australia. Yet, rather than simply using the. computer 
ms aa Instruct clonal device, the fim-:0^tas.tructot8 should be 
towards developing computer literacy, 

1 « * \ . * / * 



The concept "computer literacy" involves, more than 



knowledge of 'the basic keyboard functions. It involves skilfc 
iiv the use ofjcbmputer languages to solve problems, the logic 
andNlhe hierarchical systems involved. , It is necessary for 
schools to move beyond use of computers in instruction to - 

^instruction in the application of computers. The next step, 
£h'erefore, is to define the roost effective uiettVod of 

instruction. ? Computing hat frequently been com a 
jskill only obtainable by "bright" 6v, "mathematically" able 
people. However, research conducted* over the last ten years 
iin reading, writing and arithmetic instruct ibn, both in the 
(U.S.A. (Becker, Engelmann, Carnine and'Maggs, 1981) and in 
Australia (Maggs«et|al, 1980) has indicated jbhat with 
.effective ins true tibial sequences complex skills can be 
acquired by all learners.' y 

t The Direct Instruction model ps based qril empirical 
behaviour theory with emphasis on the logical analysis and 
exact programming 6f-concepts, operations and rules that 
constitute an instructional sequence. An instructior^l 
program is- determined in terms of general cc^ strategies 
which ensure that the learner is taught the minimum set of 
Strategies to achieve the most effective generalization and 
transfer of learning. \ 

A thorough examination of the Direct Instruction Model, 
across numerous research studies and programs of insjtfruction 
(Cross, 1981) revealed four key instruction variables! 

\ * w \ 

1. the structure of the teacher's oral presentation 
- - 2. the programming of the content area ^ 

, 3. the* supervision by the teacher in the classroom x 
4. the format of the written materials. I V 

Within the structure cik the teacher* s oral presentation, the 
following subyariables x were delineated: \ 

/a) verbal and nonverbal signalling ta irit ckm the 
learner when t^ respond; ( ■ \ 
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tr) questioning the learner;- 

c) provision of feedback to the*, learner j 

d) ' praising' the learner; 

e) pacing the presentation of the^ learning tasks. 

The subvariables of programming the content area are: 

a) teaching or not teaching a general rule; 1 ] 

b) teaching or not teaching example^ of .the rules; 

c) giving ior not giving examples of the rules; 

d) reviewing or not reviewing the' content area, 

* ' " ' v \ 

Teacher- supervision involves;: 

a-) monitoring the students; \ 

b) ^correcting student responses, x 

The subvaliables for the format of the written Materials 
include: _ \ 

ft) ^presenting or not presenting a general Vule first; 

b) varying or not varying the response format; 

c) providing o.r not providing practice itemy., 

In addition,; two modes of teaching presentation were 
possible, that 1st oral presentation of content arenas and 
written presentation of cdntent areas. \ 
' i\ • \ . \ - . 

The present study was twofold. It aimed firstl>r to 
teach a new- complex skill to a large number of children. 
Secondly, £he JF our key instructional variables delineated in 
Direct Instruction researcch *w£re manipulated across four * 
methodologies to determine the most' effective method of 
instruction. The two aims of the study wei/e compTementary. 
Microcomputing was an excellent content area for instruction. 
It* involved a cohesive^, finite body of knowledge which lould 
be analysed into sets of definitions, rules and procedures. 
The skills, involved in microcomputing were Vide, including 
reasoning, vocabulary and procedural knowledge, ^comprehension 
and application. Further, sin^e microcomputing was a no^el 
area in .primary schools there were no ^contaminating effects 
from previous learning. The second value .of the study w3s the 
trial of four alternative instructional designs arid the \ 
jnrodu^tion of relevant lesson materials in a new area. 



, A major diff iculty in a project of this type was the - v 
conflict between emphasis on "academic engaged time" and 
''mastery".,. Academic engaged time has been defined as a 
sustained interaction between the learner and the 
instructional materials whilst performing *at ! arhlgh ^ate of 
success (Rosehshine and Berliner, 1978>. 5 Direct instruction 
rea^arch has shown conclusively that by using highly 
structured and effective instructional sequences more could be 
taught in less time. However, all learners <kd not- begin at 
the same entry point. Therefore} some learners required 
longer periods of direct instruction to achieve mastery, that 
is,, the acquisition of all skills instructed. 

The aim to assess ef f ectivenpas of each of the four 
instructional methods meant it was not feasible for teachers 



of instruction 



to structure materials for individuals. Therefore, the period 



was specified for all classes. 



. . Method 

Instructional Objectives * \ 

While .the method of instruction was manipulated, .the \ 
instructional ob\lect£y«s and the content area were fixed. ^Thc 
aim was for primary school aged children to acquire computer 
literacy and computer programming skills, therefore, the 
following instructional objectives were used in the project: 



• Describe a computer. 

. Define computer program. > 

. Define computer /language. >/ 

. Describe how a computer operates. 

• Describe the merits and demerits of computers. 
. List different computer languages. 

• Define execute; 

_ . Define program exec ution. 
T Def ine ^un ^program. , "* . 



Define iniaediate and Relayed execution " 

Comprehend that to wrjlte r computer program involves 
designing the program and coding. 

Comprehend that program lines .are numbered in delayed 
execution, but not Jin immediate execution. 
Describe procedure/ for assigning line numbers. 
Apply procedure fdr assigning line numbers. 
Def ine da^a. * / • 

Defirie variables./ r 

rehend how values are stored in variables, 
tify, values^atored in variables. ! / 
nunwric ;and string variables. ^\ 
K Identify the differences between numeric and string *V 

variables. : ' \\ 

. Define an assignment, statement. 

• Write' assignment statement for- numeric and string * 
variables. '/ X 

. Define Input statement. — - \t~" ^ 

. Write input statements for numeric and string variables. 

. Define input 'statement. 

. Write input statements -for numeric and string variables. 
* . Identify arithmetic^ operators.. 1 * 

• Give the rules for ordering ar i throe tic operators^ „_ 

• Write statements using arithmetic operators. \ 
. Define print statement. * - **" 

> . Write print statement. 

. Define GO TO statements. 

A problem solving exercise was designed to encompass each 
of these objectives arid to maintain attention and demonstrate ' 
ihe applicability, in a real world situation of the computer 
Wkills acquired. The exercise involved putting an /istronaut 
into space.. 7 



The primary school aged children were instructed in 
concepts ranging from the components of a spacecraft to 
scientific concepts such as velocity and fusion, mathematic 
concepts such as area and mass, and computer programming 
concepts. The children were taught BASIC language , programming 
skills and applied thesis skills as required to solve problems \ t 
tot example, hott tp calculate the room in a fuel tank? Such 
an algorithm required studentsr to design flowcharts and apply 
tfie^BA'SIC programming language to solve the problem. / 

Throughout lesions information was taught on the basi? of 
prerequisite 'skills* The content area was analyzed, to / 
determine the logical sequence of instruction so that students 
learnt the "general case". ^ / 

— -—The method of instruction depending on the manipula/ion 
of critical Dl^eGt-Jns true tion variables did not influence the 
sequence of presentatioiTof^ concepts, operations and rines. 

Instructional Design 

On the basis' of the four instructional variables defined 

ere- 



_ , ta i £ o r -e f f e c t iv e-lr^at-ning^-f ^r—methodologles~-if^ 

designed. The program materials- provided ^or teachers 

followed these guidelines. ^ 

. i " ; ' ' 

Method One . Th6 first method was the most highly 
structured Direct Instruction model. Oral presentations were 
highly structured. the * teachers gave rules followed by 
examples. The learners were Required to repeat rules as a 
cIass. 

/ 

^ \ In the writte n mate rial A rules were emphasized using 
under"iinlrng--aRd^^ The response fdrnuvt was 

aried to maintain learner attention. Both open-ended ;and 
iiiltiple choice responses wdre included. The teacher super- 
vised the>tstudents ? written jwork. Correction and reinforce- 
ment was given after each exercise* \ : 



Method Two . The oral presentation ytas highly structured. 
Students were required to repeat^xules or the teacher's * 
instruction as a class. However, *the teacher presented a 
series of examples before stating the rule so that learners 
were involved in a deductive process. " - * / 

" Under niffiignto 
emphasize rules, again requiring the student to be mope 
deductive. The form of questions and possible responses was 
limited. The teacher did^ however* supervise- the written 
activities of 'Students and, gave ; correction and Reinforcement. 

Method Three . As in method one ^ the teacher presented' 
rules followed by a series of examples. However, class 
response was, not required. Rather, the teacher selected 
children at random to repeat the" rule. 

" . . N 47 - " j 

In the written materials;, rules were emphasized using 
underlining and capitalization, the .form of question's was 



\ 

\ 



varied and multiple choice and open-ended responses were 
possible. However, in method three the teacher did not 
supervise the written activities of children. Correction and 
reinforcement were riot consistently given. / 



Method Four . The fourth method f was low in each of the 
four key variables. The teacher presented a series qi 
examples\before giving the rule. Individual children were 
randomly selected to repeat the rule. 

flie Written- materials did not emphasize tales using 
underlining or capitalization. The form "of questions and 
types of responses were limited. The v teacher did not 
supervise the written work of students^pr give Consistent 
correction or reinforcement at the conclusion of. each 
exercise. \ v 

. . . - \V 

On the basi's^of research evidence (fcockery and Maggs, 
1982) it wa$ predicted that the Direct Instruction Methbd One 
would lead to the most effective learning, and that Method . 
Four, the least structured, would be least effective. 



Presentati on - of ^Inatruc-bionai—Sy^teffls — — : — — 

these four methods were, carefully scripted to allow 
teachers to pres.ent materials to their own classes. Each 
classroom was provided with a microcomputer for on-hand 
microcomputer experience, as required by individual lessons. 
An 'instructional unij: lasting thirty-five minutes was given 
"leach day over a. five wee J* period. At the completion of all 
exercises a test was giveri to all classes. The test, con-? ^ 
sis ting of thirty-five items, dealt with crucial rules^jwifchlri 
the lesson materials. The same test was given to each of the 
classes iriyolved in the study. ^ / 

\ , ■ , / 

. Sample 



Nine scKoolaT itT'th'e^Sydney' metropolitan -area volunteered 
to participate in the study. Classes from Years Five and Six 
within each school were randomly assigned to one of the four 
methods. Thirty- or^ classes were originally involved in the 
study. However, in the icours* of, the five week period three 
classes decided, due to other commitments, to withdraw ftom 
the course. Another six classes could not complete the £iriai 
post-test, therefore the final analyst were undertaken on 
results from twenty- two classes. 



The schools involved in the\ study had no prior 
utilization of microcomputers in \ the it curricula. All schools 
were, however, interested in advancing academic engaged time 
in a new contend area - microcomputing. Four <^f the schools 
were independently administered schools, two were administered 
by th* Catholic schools system arid \ > three were ^government 

, schools. No results were obtained for one "of the independent 

c schools^ The socioeconomic status of parents of children 

attenjirig each of the schools was middle to /high. Therefore, 

. — • , ■ it was not predicted* that socioeconomic status would be a 

f ' % , - - . 
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discriminating variable. However, the administration of 
\ schools and policy on such factors as discipline, curriculum 
structure and teacher accountability varied; between schools. 
Consequently, it was predicted that the results would reveal 
an interaction between school and method effects. 

A total of 1045 primary school children were involved in 
the study. Approximately 945 children completed the exercises. 
Howevier, the number completing the pe'l-test* 633, r was smaller 
specifically due to excessive end: of year commitments. 

> 

Results ✓ 

. The. post-test given to classes at the completion of the 
five week period of instruction included both multiple choice 
and open~ended\responses. Each question tested a component of, 
the instructional content including definitions, procedures and 
application of operations." For this reason,, analysis of 
relations between sex, class, schools and methods and results 
of; the post-test was on the basis of .individual items. Each 
item is classified on results tables and.-in-discussions. 

Analyses of variance were used to examine different m ean 

numbers of correct responses per question for each of the " 
classes by method, school, class level and sex. It was found 
that there were significant differences between the schools on 
twenty- five of the thirty-five items. , 

\ - The meanS and standard deviations (Table 1) clearly 
indicate that- the results, of thv, independent schools were 
superior to those of the three government administered schools. 
Ther^ were no significant differences >-^ern methods, clasies 
or spxes. . 



Table 1 about here 



\ • ~ — " — ; — ~ 

Discriminant Function Analyses were undertaken to examine 
the interrelationship between school type, method and the test 
items. The fi\st, analysis included the two^schdol types 
{independent -and government administered) and tjie four methods* 
It was found tha C\ the first two functions were significant 
(p<.000; p<c.000 x V. Their eigenvalues ,and canonical 
correlatidns are shown in Table 2." The pooled within groups 
correlations between ^canonical discriminating functions and 
discriminating variables for each function are shown in 
fable 3,, and the group^ ejgntroids of the eight groups are 
shown^ln. Table^^ahdJEi; 




\ 



. Tables 2, 3^ and 4 \nd 'Figure 1 about here 

• ' ' " \ -\ ' " ' '"'V ; 

The results Indicated- that eight test items correlated 
,|bove the designated (.30) cut off^vei in, 6iscriminant | 
Function 1. These; were items 1 L3Q\i 9 (-.39% 10 (-.42); 
11 (-.32)} 13 (.30); H (.30); 16 C\37) and ' 35 (-. 38) . 
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In the second discriminant: function,, four variables 
correlated above the tS6 ?ut off level. These items were 
10 (-•30); * 14 (.36); 15, (.34) and 17 (-.34)*. The co- 
ordinates of the group centroids on Discriminant Function 1 
ordere4nBr'oups : on. the basis of school and structured method. 
That is, the. three independent school groups - methods one, 
two and three were linked with the government method one — 
group. The second function clustered the 'independent methods 
two and four with the government method two and the independent 
methods one and three with the government methods one, three 
and fout. 

The results indicated firstly that method one clustered 
together independent and government schools and method four 
differentiated between the two groups. Secondly, when the 
designated method was two or three, the criterion for differ- 
ences between groups was school rather than method. 
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The/group centroids (Table 4) indicated that the first 
group including the independent school methods one, two and 
three 1 and government method one had higher scores on items 
9 - /definition of a "sequential structure"; 10 - definition 
of a "conditional structure"; 11 - definition of a "repeating 
structure"; 17 - application of a conditional structure and 
35 - def initiori f of "raising to che^pqwef". The three govern^ 
ment administered schools and the independent method four 
group had higher scores on item 1 ~ definition of a problem 
and items 13 to 16 - application of a refinement of an 
algorithm. The mean scores and standard deviations of the 
eight' participating schools (Table 1) inferred that this 
trend was strongly affected by low scores In independent 
school one oh these itjems. , 

The second -Discriminant function Analysis intended to 
evaluate the relationship between extreme methods, that is, 
methods one and four and the two school types (independent 
and government administered) -. 

It/Was found that the first two functions were $ 
significant (p<:.0Ci0; p<,C>3). Their eigenvalues and 
canonical correlations are shown in Table 5. The pooled 
within groups correlations between canonical discriminant 
functions and discriminating variables for each f unction are 
shown in table 6 and the &roup centroids, for the -four groups 
ar4 shown: InJTable 7 and Figure 2. 7 



_Tables 5,6 and 7 and Figure 2 about here 
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^he results indicated that fifteen' items correlated above 
the . 3d cut- off level in Discrim~ihant"Functi6n l~i These were 
items 1 (.32); , 2 (.41); 4 (.32);- 7 (.39);. -8* (-.38); 
11- (.34);. 12 (.63); 13 (.46); 14 (.50);, 15 (.60); 
16 (.51); 17 (-.51); 24 (-.74); 25 (.33) and 29 (.32). 

In (he second Discriminant Function eleven items reached 
the .30 criterion levei. These items Wire 1 (-.51); 5 (-<30); 
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' 6 (-.40); 7 C.67H 11 (,30>j 23 (.43); 24 (.47); 26 (.67); 
27. (.48); .28 (.j56);;., and 30 (.'58). 

The' coordinates of the group centrpids on Discriminant 
.Function 1 ordered groups on the basis of method. The two 
method one groups Were superior to the, method four groups. 
*The^ second 'function ordered groups on the basis of school. 
The two 'independent, schools, had signif i'cantly,; higher test 
results on the discriminating* items than did -the two govern- 
ment administered schools. 

i 

The means and" standard deviations Table 1 indicate that 
the method one group had higher scores on the items - 1- f 
definition of a'proMem; 2 - definition of an. algorithm; 4 
and 7 - procedures for classifications of problems; 11;- 
definitlon of a repeating /structure; 12 - 16 - application of 
refinement of *ari : algorithm, and items 25-29 - applications of 
Basic principles. The method; four groups : had higher scores on 
. item 8 - procedure tor classification of problems^ item 17 - 
application of a conditional structure? and item 24 - 1 
definition of a- variable. It must be noted (Table 1) that 
several classes reported a zero result to. items -8. and 17 0 
indicating that they were weak discriminators.- 

- The independent school groups had higher scores on the 
following items - item i - definition of a problem; 5, 6 and 
7 - procedures for classification of problems; 'l?i - definition 
of repeating structure; 23 - application oi a Basic 
principle; 24 - definition of a variable; . 26 and. 27 - 
application of Basic principles; . and item 30 - definition of 
the mu it ip lie at ion sign. 

Discussion 

While the present study did not anticipate differences 
between schools involved, this variable affected* the results. 
The independently administered schools reported higher scores 
than did classes from government administered schbdls on; 
i.temy of the post-test. Since the study did not propose to be 
an examination of the relative merits of the Australian;: school 
, systems potential causes were not elicited. However, given 
the differences between schools;, the results* indicated that 
implementation of the highly structured i direct instruction 
njethodology eliminated differences between schools. 



re 



The Direct Instruction System jpresented highly structured 
dial and written lesson materials. Emphasis mas given to 
repetition of riiles as a class and correction and reinforce- 
ryt ^following each exercise. This system had more effective 
esuits than did the foiTrtfTmethodyr wh"I^^^s^W^iT^rch~~of^ 
the manipulated variables. 



The study elicited differences between methods one and 

(four in terms of borrect responses on the post-test. There 

were significant differences between methods two and three. 

However, to effectively evaluate the significant variables 

within each method a more extensive research design would be 
necessary. 
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The other difficulty in empirical research of this type 
involves evaluation* Ideally, evaluation of instructional 
systems should be in terms of "academic engaged^time" and 
"mastery". The time restraints prevented evaluation on the 
basis of these criteria in the present study. 

However, the aims of the study were twofold. The 
empirical research was an essential dimension of the program. 
Equally important was the focus on microcomputing in 
education. Over one thousand primary school children were 
instructed in the definitions, procedures and operations 
involved in microcomputing and were given on-hand experience. 
The material* developed by Maggs, Hermann and Cross (198L) 
following popular, readily applicable subject matter - space 
exploration, will provide a valuable foundation for programs 
in microcomputing for primary school aged children. 

Computer literacy is the basic skill of the 1980s, 
Computer involvement is. evident in many aspects of everyday 
life ranging from household appliances, e,g, microwave ovens 
and digital watches to, train timetables, credit card usage, 
tax returns and finally .through to vast industrial ^commercial 
and technological concerns* Therefore, computer literacy is 
not a luxury but rather a necessary skill for children today. 
The present study following this philosophy provided a 
foundation, for computer literacy and microcomputing Skills 
courses in primary school education. 



S 
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Table 1 . t 

Meana and Standard Deviations 



Schoo 1 



/ 



Qveition I.tema 



Independent 1 Independent 2 Independent 3 Independent « Independent 5 Government I Government 2 
Meen S.D. Keen S.D. Me.n S.D. Me.,/ S.D. Me.n S.D. Keen S.D. Me.n S.D. 



1. Definition 

2. Definition 

3. Procedure 

4. Procedure 

5. Procedure 

6. Procedure 

7. Procedure 

8. Procedure 

9. Definition . 

10. Definition 

11. Definition 

12. Application 

13. Application 

14. Application 

15. Application 
^16. Application 



27.00 
29.00 
26.50 
17.50 
26% 50 
29.00 
U.50 
30.00 
26.50 
23.00 
12.00 
18.50 
13.00 
13.00 
9,50 
7.50 



5.66 
7.07 
6.36 
6.36 
3.53 
4.24 
3.53 
5.66 
.71 
1.41 
9.90 
3.53 
.00 
.00 
3.53 
.70 



25.00 
26.50 
27.50 

20.50 

/ 

2^.50 
27.00 
12.50 
27.50 
'24.50 
20.50 
15.50 
25.00 
28.00 
28.00 
27.50 
12.50 



.00 
.70 
.70^ 
. *-77 
4.95 
2.82 
14.85 
3.54 
4.95 
4.95 
4.95 
4.25 
1.41 
1.41 
2.12 
2.12 



29.25 
26y5 
" 23.00 
22.00 
27.00 
27.50 
19.25 
.00 
21.50 
20.50 
10.25 
23.75 
27.75 
28.00 
28.00 
25.00 



2^75 ' 34.00 

4.03 31.00 

5.60 34.00 

6.68 30.00 

4.97 28.00 

3.78 31.00 

-9.10 30.00 



.00 



.00 



5.57 31.00 

5.20 28.00 

3.77 29100 

5.85 30.00 

-3.70 26.00 

2.94 25.00 

2.45 29/.00 

3.37 30.00 



.00 25.50 2.12 
.00 25.00 AM 
.00 27.00 1.41 
.00 20.50 ( 6.36 
.^00 25.00 '1.41 
.00 27.00 1.41 
.00 27 .,50 .70 
.00 2T.00 1.41 
.00 25.00 2 # 82 
.00, 26.00 .00 
•00 20.00 .00 
.00 23.00 5.65 
.00 26.50 .71* 
.00 26.00 Ml 
.00 26«.00 1.41 

4 130° 2A1 



18.50 2.12 
21.00 2^.82 
18.00 1.41 
18.00 7.07 
22.00 1.41 
21.50 3.54 
22.50 2.X2 
•00 .00 
22.00 2.82 
20.50 3.54 
12.50 .70 
12.00 .00 
21.50 .71 
22.00^ 1.41 
21.50 1.41 
20.00 - .00 



22.87 4.99 

23.75 4.23 

19.87 4.05 

13.75 4.92 

k ft.37 6.07 

22.37 4.31 

6.75 6.49 

9.5b 13.18 

18.12 5.82 

15.37 4.56 

10.12 3.56 

15.12 2.59 

21.25 4.89 

21.62 3.85 

21.62 3.70 

14.25 5.41 



Government 3* S1 « nlfl - 
. cance 
Mean S.D. NS 



21.00 .00 MS 
21.00 .00 NS ■ 
15.00 .00 p<.05 
19.00 .00 NS 
21.00 .00 NS 
19.00 .00 NS 
8.00 .00 p<.05 
22.00 \oj p .01 
21.00 .0b NS 
22.00 .00 p<.!0 
19.00 .00 p/£.or 
18.00 .00 p<.005 
22.00 .00 p<«01 
22.00 .00 p<.005 
22.00 .00 p< .001 
18.00 .00 p< .005 



_ Independent 1 Independent 2 Independents Independents Independent 5 CovernraehtJJ^veniment.2 Governments s *gnlfl- 
Me.n S.D. Me.n sjp. Me.n S.D. Mean S.D. Mean S.D. Mean-^T Me.n S.D. Mean S.D. ^s" 



/ 



17; Application 


12.50 


18. Application 


7.00 


19. Application 


5.00 


20. Application 


6.50 


21. Application 


5.^0- 


22. Application 


18.00 


-*23. Application 


13.50 


24. Definition 


27.00 


25. Application 


17.50 


26. Application 


8.00 


27. Application 


12.00 


28. Application 


9.50 


29. Application 


8.50 


30. Application 


7.00 


31% Definition 


16.00 


32. Definition 


27.50 


1 

33. Definition 

j 


10.00 


34. Definition 


27.50 


35. Definition 


20.50 



2.12 5.00 7.47 .00 

1.41 23.00 .06 17.25 

2.83 23.50 .7oL-15T25 
4.95 Jttrt(T~~ 1.41^ 17.00 

'4^95 24.00 1.41 '\ 18. 25 

.00 14.50 4.95 U6.25 

6.36 21.50 ".71 15.00 

4i24 27.00 i # 4L 231.00 

13.43 23.50 2.12 20.00 

.00 15.50 .71 . 7l50 

8.48 12.50 4.95 ll.flO 

3.53 13.50 3.53 7-.J5 

12.02 13.50 .71 l£.2 

4.24 16.00 2.82 6.2 

.00 26.50 .71 21,50 

.71 25.50 .71 23.50 

1.41 25.00 1.41 17.75 

2.12 25.00 .00 22.50 

.71 26.00 1.41 14.00 



.00 




3^5^31.00 


.00 


7.89 


30.00 


.00 


8.04 


26.00 


.00 


5.91 


25.00 


.00 


4.19 


^8.00 


.00 


3.92 


27.00 


.00 


2.70 


24.00 


.00 


-"2.45 


28.00 


.00 


6.03 


26.00 


.00 


2.94 


18.00 


.00 


3.77 


20.00 


.00* 


5.?1 


22.00' 


.00 


3.50 


23.00 


.00 


6.46 


24.00 


.00 


5.00 


25.00 


.00 


7.76 


24.00 


.00 


5.80 


.25.00 


.00 


11.88 


20.00 " 


700 



2.00 16.97 .00 .00 .00 .00 22.00 
24.00 2.83 19.00 1.41 13.75 3.20 19.00 
25.50 . .70 19.00 .00 12.37 4.72 18.00 
25.00 1.41 19.00 2.83 13.63 5.31 17.00 
23.50 .71 20.00 .00 13.87 4.39 14.00 
18.50 ,;3. 35 20.00 2.83 14.87 3.94 15.00 
26.00 1.41 20.00 1.41 12.62 3.07 7.00 
27.00. .00 20.50 2.12 16.63 4.17 20.00 
24.50 .71 16.00 1.41. 12.62- 2.44 22.00 
16.00 2.82 11.50 2.12 3.00 2.45 15.00 
20.50 2.12, 17.50 .71 4.25 3.37 18.00 
19.50 2.12 6.00^7.07 3.25 1.91 8.00 
18.00 2.83 17.50 .71 10.75 2.37 14.00 
19750 3.53 10.00 4.24 2.13 2.48 7.00 
27.00 .00_ 21.50 2.1-2 16.12 3.72 21.00 
26.50 .71 23.00 2183 21.25 2.43 21.00 
24.50 2.12 19.00 1 .<4l 12.00 3.82 19.00' 
27.00 1.41*23.00 2i8t 20.62 3.38 22.00 
26.00 2.83 19.50 2.12 14.00 *3.29 2f.00 



.00 p< .005 

.00 *p<.001 

# 

.00 ,p<.00^ 
.00 p<.05 
.00 p<.01 
. .00 NS 
.00 p <$0p'l 
.00 p<.01 
,00 pc.01 
.00 p<.001 
.00 p<.001 
.00 p<.001 
.00 NS 
; 00 - p< .001 ' 
.00 p< .05 
.00 NS, 
.00; p<.05 
• 00 NS 
.00 ' NS 
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Tabic 2 . 

FuncJ^5 thl !l^ r0UP ? 5° r " Ut *ow ^tween Canonical Diecrimin.nt 
Function* and Incriminating Variable* '* 




VarlabU 



^ function 1 



Function 2 



10. 
11. 

' 12. 
13. 
U. 
15.! 
1*. 
17,' 
18. 
19. 
20. 
21. 
22. 
23.; 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 

32; 

33. 



Dtflnitlon 
. Definition 
Procedure 
Procadura 
Procedure 
Procedure ' 
Procedure ' 
Procedure 
Definition 
Definition^ 
Definition 
Application 
^Application 
Application^ 
^Application 
Application 
Application 
Application* 
Application , 
Application , 
Application 
application 
' Application 
Definition 
Application 
Application 
Application 
Application 
Application 
Application/ 
Definition 
Definition 
Definition ■ 

tfinition 
Definition 



4 



7 



.30 
.12 

' '-.03 
-.19 \ 
-.03 
< -.03 
.16 
-.01 
-.39 
-.42 ; 
-.32 ' 
-.02 
.29 
.28 

.38' 

-.11 

1 

-.13 
-.11 

-Too 

. -.13 
.00* 
-.02 
, - .02 
.05 
-.19 
-.01 

-.or 
t.io 

7-21 _ 

-.03° 

-.03 

-.09 i 
-.37 



.06 
.17* 
.04 
.02 
.09 
jr ~ >21^, 
-.20 
.0* 
.02 
-.30 « 
-.04' 
.04~ 
;24 . 
.36 
-7l2 
* .0L 
-.39 
M ' ( 
.07 
.01 
.14 
.03 

.10 

.21 

.08 

.03 

.03 
' -.16 - 
.09 
-.0 f 7 * * 
".0.3 % 
-.00 N 
-.02 
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Table: 3 ' 

Canonical Discriminant Functions 



/ 

4 



- . , Percentage of Cumulative Canonical ' C4 ... 
Function Eigenvalue , /variance . Percentage Correlation: ^8 n "^ance 



840 .14 
'107.31 



7.9.39 
19.59 



79.39 
98.98 



.994 
.997 
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Table 4 

Canonical Discriminant Functions Evaluated at Group Means 
(Group Centro ids) ™ __— i— 



-Groups 


Function. 1 


Function 2 


Independent - Method 1- . 


-47.90. 


-7.58 


Independents =_Method 2. 


-13.12. 


14.13 


Independent - Method 3 


-19.27 


-16.22 


Independent - Method 4 


11.67 


6.91 


Public - Method 1 


-10.62 


\ -7.89 - 


Public - Method 2 


' 21.20 , 


9.70 


Public - Method 3 


42.17 


-15.84 


Public - Method 4 

1 

t 


21.20 


-8.96 



i 

1 / 
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TablV 5 

\ a 

Pooled Wi thin-Groups ; Correlations Between Canonical Discriminant 
Functions and Discriminating Variables 



^Variables Function 1 ^Function 2 

1. ( Definition .32 -.51 

2. Definition .41 -.28 

3. Procedure -.01 -.16 

4. Procedure .32* -,28 
-5. Procedure -.02 -.30 

6. Procedure .16 -.40 

7. Procedure* .39 .67 

8. Procedure \ * * -.38 J • -.27- 

9. DefinitionA ^.01 ' -.14 
10. Definition \ -.18 -.12 

ii^m^m^u ,34 - ;3o 

12. Application \ .63 -.26 

13. Application \ .46 -.23 

14. Application ^ .50 -.23 

15. - Application .60 x -.13 

16. .Application .51 

17. Application -.51 - -.06 

18. Application .13 »21 

19. Application ^ * os ^ . *? 2 

20. Application -.00 -.11 

21. Application .14 « .15 

22. Application .03 .16 

23. Application -.04 .43 

24. Definition -.74 " .47 

25. Application .33 .28 

26. Application -.10 .67 

27. Application -.02 .48 

28. Application -.22 .56 

29. Application u .32 , .18 

30. Application -~_&.Q2 .58 

31. Definition -.04 -.18. 

32. Definition X -.02 -.17 

33. Definition .06 .13 
3A. Definition -.26 -.12 
35. Definition -.28 ;29 
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Table 6 \ 

Canonical Discriminant Functions 



Function 



Ei . Percent of Cumulative 
« \ Variance Percent 



Canonical c , . ict 
Correlation Significance 



1 1026.88 n 97.45 

2 21.90 2.0$ 



97.45 
99.53 



.99 
.98 



.000 
.032 
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Table 7 



Canonical Discriminant Functions Evaluated 
(Group Centroids) 

-- . . ? 


at Group Means • 


■ \ - 5. 
Group 


Function 1 - 


Function 2 


Independent - Method 1 




-3.55 


Independent - Method 2 


-10. 10. 


4.00 


Public - Method 1 


2^20/ 


-3.65 


Public - Method 2 


17,99 


3.02 



I 

I 



/ 



Figure 1. Canonical Discriminant Functions Evaluated at Group Means 
(Group Centroids) 
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motion 1 
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0Gp 



0 Gp 3 



-50 
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• Function 2 



©Gp 



Cp 
Gp 

PP 
Gp 

PP 
Gp 
Gp 
.Gp 8 



'Independent 
independent 
Independent 
independent 
Government 
Government 
Government 
Government 
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2 



Method 
Method 
Method 3 
Method 4 
Method 
Method 



- Method 
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Figure 2. Canonical Discriminant Functions Evaluated at Group Means 
(Group Centrdids 
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*~* HOME COMPUTER BASED LEARNING SYSTEMS (HCBLS) 

Q 7 1 Jeremy Ross 



Nothing has qu ite so engaged the spirit of yamg-AB&cicans r in 
the recent past, as has the Microcomputer Revolution. The advent of 
the j>erspnal or home computer jystem has drastically altered' how we 
view the home, the school, and the office. Redefinition of these 
principal 3ivirohmehts<'is now the focal point of various Marketing 
campaigns on the part of the i^crocomputer industry. Traditional 
universal and compulsory education as we know it will certainly be ; 
affected by the influx of raicrotechhology into the schools; The • 
rebirth, of the home as workshop, studio, and laboratory will mast 
certainly accelerate alternative nodes of education and the process 
of "descaling society" .Meanwhile, new technologies, such as 
interactive video disk and teletex, will greatly increase the tempo 
of knowledge synthesis and information access. ! 7 s 

l ' 

Already 'home computer systems have proven to be of tremendous 
value in assisting, individuals with various learning disabilities 
and/or handicaps. Bcr example, a pocket computer can be used as an 
inexpensive portable .tel ecommunicator for the deaf and hearing 
impaired. There how ii a computer program for tpwrhim rVaf^ignincf 



-language, a microcaroputer and line printer can be utilized toprint I 
text in braille. New External switching systems that repiace_a — — 
microcomputer's keyboard enable the handicapped person, .through 
chin movements, head pressure or buffs of breath, to build complete / 
messages and print, transmit or otherwise comapmicate them. TO ' 

On the ether hand, vast changes in societal infrastructure, 
brought about by the Computer Revolution, will have to be balanced 
by a concomitant renewal of the spiritual-humanistic tradition and' 
by an intellectual renaissance of some kind. Otherwise the 
prophetic educational utopianism and messianism of outstanding 
computerists may be negated by a vast. 1984-style darknes3 as is 
often foreseen, in the nightmare fantasies of our science-fiction 
simulat ionists . The social issues thus raised by the Information 
Age, must be studied and addressed by educators and given adequate 
attention if the great hope ana promise indicated by the wedding of 
the human mind to digital; electronics is bo see fruition. 

The Home as Learning Environment: " A 
1 — : An Overview / / ( 



In antiquity, the birth of language and numbers was intimately 
connected! with the concept! of home and the family . An anthropology 
of the home as learning environment would reveal that during 
prehistory the family or tribe was of ten the central site of 
instructional activity. The birth of schools was connected with the 
development of spoken and' written laijguages.~At first schools were 
only for an elite few while the many learned folkcrafts and trades 
by apprenticeship to skilled practitioners of their art. Even 
amongst the elite of society many opted to educate their childre 
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themselves. Blaise Pascal, for example, inventor of the first 
mechanical calculator during^ 17th <^.^*#**** wer 
educated by his father who eaphas i zed affi rdixex±ed learning over 
the rote manorization. of Latin grannar. 

The mbderri public school with, its ladder system of grades K-12 
was Svented to^et the-rieeds of the ino^strial^Utary^plex 
Tichte&te ascendency at the turn of the Century. However, the 
moid fof^ic^nducation was set earlier, around the . time oftoe 
SericS Revolution, when practical manual arts were stressed over 
the humanities.'. — - _ 

...Rather than being taught for a 
better universe of world literature or for 
humanistic purposes, foreign languages were 
taught in Order to fulfill professional 
needs, and for reasons of profit. The theory 
was that -to be successful education and 
culture in America had to be 
practical... Arithmetic, rather, than nath,was 
taught, not for scientific enquiry, but as 

" ciphering for accounting and bookkeeping. 

Thus, we have the three R's, each limited to . 
the practical education of the manual arts 
rather than thj } humanistic education of the 
liteeral-artsr 

Just as the industrial* revolution tore asunder the medieval 
comnune and family structure, the microcomputer revolution of 
re^anTfuture y days may tear apart the a**iny*£ti^p. ™ 
society' /jhd give rise to a return of home values and home 
worksites, canity relationships may suffer as a result as 
persons increasingly withdraw into their computerized . 
toma/Worksites-. Interhuman contact may become increasingly. 
Sectronic rather than personal as information networks and 
SS^S replace physical learning and working Environments. 

Inadequacies of Public Learning Systems 




ManL social and educational critics have derided the sorry 
stated S pubHc educational institutions (Holt, Illich, Papert, 
SUterman, etc!). The ccmnomn theme of these criticisms is that the 
schoSTmisuse children, prevent effective *^J^™£* 
Sace. stall and postpone the access to learning, and fail to 
a^te^diffientiate the socialization and custodial roles of 
fecm thSf mandate to train children ^ ^etobledcills. 
Sxf extreme critics accuse the schools of downright insideousness: 
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Ih my new book , Teach Your Own , I 
assert that with very few exceptions, the 
social life of schools and classrooms is 
raeanspir i ted , competitive , snobbish , status- 
oriented, cruel, and violent... In his * 
book . Crisis in the Classroan .Silbernan had 
say about the schools ^and E&ease 
note ^b-this at the height of 
the supposed*pe^ revolution: \ 

"Adults . . .fail to appreciate what 
grim, joyless places ^bst American . schools 
are, hcw^^ressive areTpetty are the rules , 
by which they aire governed, how 
intellectually sterile and barren the 
atmosphere, what an appalling lade of 
civility detains on the part of teachers and 
principals .What abnteapt they unconsciously 
display for children as children." ? 



! \ 



This negative chorus is 
IUich who calls for the de-achbol: 



sinf orced by the voice of Ivan 
Lng of society: 



In schools regii 
submit to certified teaci 
obtain certification of 
frustrated arid both 
resources -*mey,tta&,. or 
their nutual frustration... 



ed 4 students 
in order to 
ir own^both are 
ihspffcient 
b^jdings-for 



Crucial Phi lo^hic^ Inadequacies . 



the effect 
character 
"a morn 
phil 
li 



telling criticisms of Papert, inventor of Logo; to 
institutional education exhibits obsessional 
ts and that, traditional math eauication is based upon 
and cruel fallacy in log^c" are attacks upon the 
cal underpinnings of the schools. Many of the critics, 



, feel that the public schools are out of date and out 
-step with the tempo of the times, that their philosophical 
^issunptions. are based upon a nyopia and, ultimately, serve m 
bureaucratic and sys tonic teds rather than neet the real needs of 
students. Because of the schools' obsession with evaluation and 
also partly because of outmoded and inadequate curricula, schooling 
can result ih the inhibition, constraint, fragmentation, and 
disassociation of the learning process. - 

IUich exposes tJ^phefKmenology" of schooling and* attacks the 
"non-conviviality" and imtouchability of teaching tools in the 
institutional settings. . . \ 

In ny am essay, The Tag of Mathematics ,! criticized the _ 
Euro-oentric philosophy of school mathematics. Ihis imropia consists 
in math teachers and "hidden airricula"that make mathematics into a 
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-linear, one-diirensional study ^separating it from the human .ties and 
its sotiblbgical significance. Papert also nates-this -point in his 
call for a restructuring of" mathematics education to counteract 
"mathophobia" and | the*^^endous rift between the sciences and the 
humanities. \ _ > ^. $ ' ' 

To my ear the word "irathophobia M 
has two associations. One of these is a, - . 
widespread fear of mathematics , which often 
has the intensity of a real phobia. The 
other comes from the meaning of the stem 
"nath"* s In Greek it means "learning" iS* a 
general sense. In our culture, fear of 
learning is_nb less endemic (although more 
frequently disguised ) than fear of; 
mathematics. Children* begin their lives as 
eager and competent leaarners. They have to 
loam to have trouble with learning in. 
general and math in particular. In both 

senses of j'math^-there-is a shift from 

mathophile to nathophobi, from lover of 
mathematics 6 and learning-to a pers^ fearful 
of both..,. . * 



Public Opinion. / \ 

V 1 ■ -\ - 

Tte 13th Annual Gallup Poll of the public's attitudes towards 
the public schools ( Phi Delta Kappan ,Sept. 1981) revealed a 
continuuing concern, on the part of parents, with the lackjof 
rdiscipline"in the schools ,us%c£.\driws, etc. Only 9% of tM public 
gave the schools an "W rating, the najority giving them a | 
"C*. Teachers fared only slightly better than the schools, getting a 
"B" grade.There was a narked downward trend in the public's 
willingness to support the schools financially. 49% of thoste polled 
stated. that the increase in non-public \schpols was a good ! 
thing. (Tr ^ 



Official Criticisms .N or do the public schools fair any better 
from criticisms by government officials. \H.Be>l, Secretary of 
Education uhder the Reagan Adndnistration, has identified key areas 
of weakness in. the system of American education: 



(1) Not Voting: Only a minority of the ^.8 year olds (high 
school graduates and college students) register and vote. 

(2) Not Knowing Foreign languages: "To ppt it bluntly we are a 
bunch of moholinguiBtic bumpkins and American education is to 

blame." ' - \ ' . 

(3) Not Training For Useful Work: "Whether we like it or 

not, the plain fact in that in spite of all the bi llions of dollars 
we"are-speirttng^OT 

v»t poolpOf people that make up the rolls of ^ unemployed." 



/(4) Declining Literacy: There i& aJ%eneral decline in the 
Uteracy. and acadeM * _ 

-(5 )Curricular Require^fe-lfe Easy: "We rare not as competent as 
we reasaoiably but to^gxpsct to be in rathfflBti^science,EngHsh- 
oon|XMitiohvhi^r^7econoBd.cs ,and manyvccatiorial and technical 
skills qnthe^ugh school level. The curricular reauirements are 
just tocTeasyi;" - \ : - • • , /. 

.(6)"A Yery,Very Dreary Scene on the Landscape of Teaching" -With 
regard to teacher education, "What is surprising ^s^that not one 
single state/ has departed from the tradition of the dreadful 
saineness_ahdLmedibcr-ity~tte^ 

1* ' 

-The- Descnoolers . 

■~vr " 



The mo^t powerful and telling criticism of the inadequacies and 
deficiencies of the public school systems come from a< brand of 
educational philosophers known as tte"de-schoolers" . . J * 

Ivan illich . In Deschoblinq Societv. (1970) andvih Tools for 
- Conviviality (1973') Ivan Illich- brilliantly argued 7 f orTnew - *~ 
educational "funnels" or. "webs" as opposed to schools and their 
irrational authority to "dffine and measure the' level of • 
knowledge." Illich sees the schools as joyless, uncreative 
institutions which promote regimentation, dependence,- exploitation, 
and impotence of 20th century man. Learning has become a commodity 
and, like any commodity that has been marketed, it becomes scarce 
and expensive. On the other hand, alternative educational networks 
can •heighten the opportunity for each one to transform each moment 
of his living into one of learning, sharing, and caring, in his 
concept, of eutrapelia( graceful playfulness in personal 
relationships) Illich envisions" a schobless world in which tool 
libraries, labs, gaming rooms, photo labs, offset presses ate 
available -to the public for joyful, self -dizpcted learninc, 177 

\ If there were no schools ... if 
the goals of learning ware no longer 
dominated by schools and school teachers ,\ 
the market for learners would be^nuch more\ 
* various l and the definition of "educational \ 

artifacts" would be less restrictive. 7 \ 

Seymour Papert . Papert criticizes the "dissociated learning" 
that takes, place in public schoolinfc the teaching 'of drilled 
arithmetic over the teaching of nathematics. He fears that toe new 
instructional technologies such as microcomputers in the classrooms 
will be used to reinforce habits of dissociated learning rather 

ftf? to promote learning of the "syntonic language" of nath^ 

•- . Moreover,' Papert advocates natural learning environments 
(like the home where we a ll fi rst learned to talk) over the 
classrooms 
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I see the classroom as an ^ 
artificial and" inefficient-beaming- ... . 
environment that society has been forced to 
invent because its formal environments fail 
/ in certain essential domains such as 

writing,_or grammar or school' math. I feel 
that the computer presence will enable us to 

t . so modify the learning environment outside 

I the classroom that much if not all the 
knowledge schools presently teach with such 
pain and expense and such limited success 
Will be learned/ as the child learns to 
talk, painlessly, successfully, and without 
organi zed instruction... 

Schools as wj 2 know them have no 
place in the future. . 

Ramon ZaBgra.Mr. Zamora, Author of; several. of the best 
instructional books in the Basic language, recently commented on 

Marshall lfcLuhan * s prediction of an upcoming~4nf ormtion age^ 

reduirihq learners "to explore interrelation and integration as ^ 
prosed to mechanical age which broke the world into parts, or 
"subiects^ Hcluhan indicated learners would have to actually 
-unlearn what supporters of the traditional learning: envb^onments 
have been calling "education-Nfor several hundred years! 
• zamora says we don/ now dispense with the.notion of\"going to 
school" since we can now utilize the interactive potential of 
electronic and video madia and rorepyer "the ej^ctronic^media can 
free him to learn at any time, in any place. \ 
.; ate artificial distinction between iearning> working, and 
recreating will begin to blur as schools, offices and entertainment 
locations become processes instead of places. ... 

Dr. Edw ard J. Lias . In an extensive and sweeping article on 

the subject of the re^chestration of the world's knowledge , 

iSc^SS^and #edple,Vn #):, lias identifies three^to^ 
fertile re-arrangement of woVld*khowledge into colter based .forms 
which could greatly accelerate the <%4^%*J^*^ % 
General public information systems (2) Specialty data banks (3) 
Curricular Ltoing Systems. He states that in a survey taken at 
Ocean County College 70; 5% of the.students prefgerred GAL based 
instruction, over classroom situations . Lias goes on to develop 
tables of information connands and what he terms; information 
- instincts" , These avnonds constitute a new type of Query 
Bariguage" for self-learners. They enable anyote t pickery- the new 



^formations systems at. any required level of sophistication or 
totnfor self^irected learning. The thrust of lie agicle £tnat 
Utdess the major universities develop the vision to ,get involved, 
with the electronic, education medj.us^,they naght 

t-ha flbin" for VBTV lOOO. - _ « • 



places in the sun" for very long. 

-^hat is a Hone Computer Based -Learning- System? 



not keep "their 



It* 



As indicate^ by the preceding remarks, learning outside of 
traditional classrooms does^not necessarily imply that th^> home 
will be the e^lxjsive.jsite of future learning. However > a 
'home-based system can have a considerable degree of flexibility 
since /the parts are modular and the computer itself can be of the 
very snail; Ught^ght.v«^ the 
computer-radio Wrist watch is/not far off this device could 
.conceivably canmmicate wi^a larger, home-based; system for — 
instant ipdate cu. data banks (see InfoWbrld , March 22, 1982, page 
1). Whit folldws is a^^criptioh of various possible systems jfor 
1 the home:™' 




A, Starter Sys 

/ 

; The Multipurpose WorkAearninq Station. As /a beginning system 
-one cam purchase a 1RS-80, Ajple II, Atari, or other personal 

computer . These machines can run canned prog rams for h one record 
7Re^in|nSi^ Tfctey can sort mailing 

lists by name, address, or other criteria and can catalog various 
ooUect xonsV Tt»y can act as : tutors, lab assistants, word 
processors, <r gaming stations. Prior dainputer training is not 
necessary but some initial [operating system <c£ Basic Language 
knowledge is helpful. Both are available as /iw-cost quick courses 
from computer centers, stores, or local oonmunity colleges. 

(1) A recommended starter system for the absolute beginner 
would be a 4K nmchihe with a small line'printer ajfiid cassette tape 
rachine. Tte industry standard HS-232-0 interface or a one-disk 
drive without interface are other options for a beginning system. p£ 
beginners system as just described -shcn&d be priced at about $1000~ 
and up. 

(2) By General Purpose Workstation I mean the following uses of 
the system are possible: „ 

(a) As a development system: Tfo write and develop 
your own software. (Languages available for micros include: 
BASIC,PASC^ many others). 

(b) : As an applications system: Usp of canned programs 
for household. M^tory, nailing lists', data base management. 

y S . (c) Heme management system: Use of word procesing 

software, Visicalc planning and forecasting, Profile or similar 
electronic filing system. . , 

(d) Education system: use of home educational 
softwBure^>r oonputer assisted learning , for. simulations and 
gaming, for educational productivity: term papers, homework 
assignments, etc. When available, the ratcrocenputer syst^n can 
utilize educational and informational talecocimmications networks. 



Advanced System. 
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By an advanced home based learning system I am referring to any 
ultra sophisticated conf igjiration, with extra peripherals such as 
power pphtrols f ,teleccnnMnicati6ns, software, and special heme 
learning packages. Along these lines,, one is limited only by how 
much one. can afford on a system -and' the limits of one's 
imagination. 

What. Can You Do With These Systems? 

. ' . • • ' . .-■•<■ 

MahHZonputer Interface. - ^ 

In -his .recent book on educational applications, Dr. pave 
Moursund identified the following important uses of a personal 
computer to a student: / 

(I) /^General Aid to Learning 
(-33:-) -< An Aid to Problem Solving 

( HI) tai Object of Inning m Itself : The- Discipline 
^f^Ccnputer and Infbntation Science; 



(-IV) Ehterteinirent . Q g )r 

¥ . (V) A Parjt, qf L_^ ir ^ t S5^ #/ ^ ^ ^ 

i - 

There have been numerous ^articles and T.V. advertisements to 
the effect of "Bad, can I use the computer tonight?" etCiEor 
example, in the May, 1982 issue of Boys' Life , there is an . 
extensive article on the applications of home computers, becoming 
computer "literate", and tame cpapiter selection. As t he 
nan^compufer interf ace is experienced, by the personal computer 1 
user, the multifarious ways in which the machine can be utilized 
becomes of great importance. The following are some of the najor 
areas of applications for home computers ( Jhat are either directly 
or only indirectly of educational value: \ 

CAL. Computer assisted learning can provide your family with 
' individualized, non-rthreatening drill and practice sessions on any 
subject, as well' as with an interactive learning station. A CAL 
program can dc/the following specific things: ■ ; 

Generate and present exercises. 
Etovide immediate feed-back and generate 
periodic progress reports.. - 
Measure perforimnce and automatically x 
adjust difficulty . levels . 
Record perfonmnce for later review. « 
Design and print \\ out worksheets, tests, answers. 

/ As mentioned above, in general -v p^sonal computer can act as a 
general aide to learning, a problem solving tool, an object of K 
/learning, and ah entert^nment/cxaiminica^ions station. However, 
/with GAL there are actually two possible "nodes: 
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(a) Tutor Mode CAL "student progranined by 
computer" and (b) Tutee Mode CAL — "student prograping ofinputer". 
Both are y>~v different plications of the same mind tool. The 
fir^ moSt. ^lized for Aill^ 

rahforcereavc, encouragement, individaalized instruction, etc. The 
second node is used for ^loratory le^ing r Jki^i^ about 

Iw^ing r ana nbre creative te&ecte of poster j^ograinrning* 

/ 

AT. Artificial ltot^ligence arid Robotics is another cne of 
those areas that could meari anything from power control oyer one's 
lights to elaborate xoudt systems. However , in the context of home 
(xs^ter-based learning , this tc^ic is most closely related to the 
work of Papert and the Logo Language which has been used at MIT to 
teach vary young diil<3ren to program a cybernetic machine in the 



Conn of ^a turtle. 

* This application qf AI dan be cot "^red to be a subset of 
Tutee Mode CAL if we restrict ourselves to a learning object such 
as Papert* a Ifcrtle. Turtle nattematiaa relates to the whole idea of 
making mathematics a natural language and of learning the 
principles of "Matheticw* , Papert^ term for principles of 
learning. Here the original idea of aesthetiks ( learning through 
thjB^iehses) is joined with logic (Logo is a special computer 
language in which ocmnunication with the Turtle takes place). 

Logo makes a»|wters <wceMible to wry^yoCTg chiuldreh. It 
provides them with a *ocn^ter-ri<& ! ' world like the world they will 
grow up in rather than a mathematically inpoversished world of 
mathophobic adults. This is Piagetian learning, learning without 
having to be taught. The oonputer, in this sense, is a 
carrier ("germ") of cultural seeds M lte oonputer becomes, to the 
child, n ar^jec±-to^^-idth ,, . c 

Instead of the "fprpe^feeding of iwJigestible material left 
over f rem the ^eccnputer epoch" the Logo language enables the 
child to use a "mathematically expressive medium". 

Oaputer-Device Interface. 



\ 



Peripherals . The gadgets and devices added to a \/ 
oonputer to help it oenmunicate with the outside world or provide 
it With auxiliary memory "es^tenned peripherals,/ Mass or auxiliary 
storage devices (storage peripherals) are necessary to store and 
retrieve large volumes of data without taxing the computer's 
built-in memory known as the BAM memory. 

Interfaces . An interface is a go-between device 
which enables a fast and efficient exchange of information and / 
instructions with the so-called "real* or "outside" world. A 
oonputer interface actually converts data from the oonputer into a 
form usable by humans, machines, or other electronic devices arid 
vice versa. • 
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terminals.* .Interface peripherals known as 
terminals are capable of input/output operations. "Smart" terminals 
have their own built-in niicroconputers and can be used as 
"stand-alone" ocriputers or as a connection to larger, more powerful 
microcomputers or main frame computers. Special graphics terminals 
are used for ccnputer-assisted. drafting and designing (CAD). 
Microcomputers with a special .graphics circuit board are also 
capable of sophisticated" high-resolution computer graphics. 
Graphics terminals or micros can be used with a light pen, a device 
that enables one to draw on the video display screen and manipulate 
the drawing. \ 



Hard-copy . Printers and plotters can provide a 
permanent record of the computers output. Line printers can be 
either impact or .jwn-inpact . Non-impact style printers use/ an 
electrosensitive paper, are very fast but do. not form characters as 
clearly as is possible with impact-style printers. Plotters are 
devices that electronically produce various graphs, on the video 
screen or on paper. Although printers can sometimes simulate 
plotters, actual pen\6r multi-pen plotters can produce 
sophisticated graphs^^a drawings including lettering in a few 

minutes or seconds. \ 
\ ' \ • t , 

• Modemsnahd Acoustic Couplers . A modem is an I/O 

(input/output) device that lets a terminal or Mcrocanputer 
canhunicate with another microcomputer or main-frame by a direct 
hook-up to telephone lines. Modem (nr^lator-d^nodulator) changes 
binary data into an audio signal. An acoustic coupler is a special 
modem\that can convert computer generated signals into sound, and 
vice versa to allow interfacing between two computers via telephone 
lines. \This allows ah indirect connection to telephone lines by 
terminal or microcomputer. New •'durect-connect modems" connect 
directly to phone lines arid support both manual and auto-answer/ 
auto-originate operation. They have built in microprocessors to 
control its automatic operations * This permits the use of simple 
ASCII cortmands from the host computer ppd nearly eliminates the 
software overhead usuajjy required for the operation of 
sophisticated modems . 
i 

Cbmputer^Telecommuhications Interface. 

Home Video System Interfaces . Integrated video 
terminals MVT) are now .possible. These are devices ^hat join f 
personal computers to home video systems.. Video disk can be used in 
a home learning station for individualized iiistruotion , for ^ 
self -teaching, for cjj««3d-circuit broadcasts and continuing 
education progratrs: 



204 



2'J'J 



...In the* sciehoefi, the video disc can 
demonstrate and simulate. natural phenomena; 
in history, literature, and theatre,^ it can 
help in the analysis of dramatizaffons; in 
hjffliness, ^ocial studies, teacher education 
and value training, it cam demonstrate and 
simulitfe human interactions; in physical 
• educat^ and technical training; it can 
depict rotor skills ; in matheaatics, it can 
dSDrcratrate) ^ and show 

graphs and charts; in nusic, in can shew 
bewihg and fingering tschheques . Clearly, 
there is oo lack of application for 



r piridva^jr guallty educational video 
V" * -discs. ! 



With midroa»|wter interface, the video disk system 

becomes 4 vary aqphis^icated dratructibiud device controlled by the 
learner. jltae ndcrocoopiter allows linear play* nanual frame access, 
autanatid stops, random feward access, /and general progranmed 
cx»trpl. So-called "smai^t video discs 11 can utilize a technique known 
as brandiihg to rawtantly nwiitcr a student's progress for a 
particular lesson and either praoote the student to a rore advanced 
lesson, or provide appropriate remediation materials. The player's 
micrcpro^ess^ 3 oan prin^ out progress reports for 
self-review. t 

r " I • ■ ... 

j. Videotex . 4 Another big development - is Videotex* for 
learning* Videotex is a system whereby a stream of digital data 
encodes alphanumeric and/or graphic images at a transmission rate 
television systems can handles With a decoder attached to the 
television set buffered pages' can be summoned by the viewer by a 
keypad. The Open University in Great Britain uses this system and 
already its 45,000 graduates comprise l/12th of all UK alumni and 
have fully accredited world-recognized degrees. Similar systems^ 
operate in Canada, France, and other countries. In the U.S., Source 
and Ccmpuseryejproyjde^rela^ eqipment ia used 

in electronic home banking, current flight information, E-mail, 
electronic news services, and a host of other applications.* ) 

■ el 
I 

Availabiljity of Courseware. 

Using Moursund's breakdown of uses for personal 

computer systems as a guide, we can group various kinds of 
educational software ( often called "courseware" ) to obtain a 
picture of what is presently available for home use. 
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Educational software can thuse be broken down into 
(1) computer'as aide to learning ( CAL: 

drili-and-practice, tutorial^/, instructional packages, etc.) (2) 
Simulations and games *3) productivity, .tools ( word processing, 
computer graphics, data, base programs). * 

Canned software packages are now available that 
provide- home learning modules, personal accounts payable systems, 
money management systems Ulogging checks , balancing checkbooks., 
inventment management, cabh management, miscellaneous expenses, 

* budgeting, monthly savings plans, stock buying and 
management, valuables inventories, etc .>) . 



Other home applications involve time management 
programs (special date calendars, electronic diaries,hbme task 
scheduling, things-to-do lists etc.;. Heme data-base management 
programs are available for keeping electronic telephone 
directories, family dental and medical records and appointments, 
drug adndnsitration records , syhi>toms/self -diagnosis 
material, jogging records, fqbd.cost records and analysis, tax 
record keeping, receipt inventory.,menu planning, cost per 
serving/cost analysis, diet/ analysis , nutritional composition of 
foods, family clothing sizes, clothing inventory, fabric care 
records, energy audits, hate utilities records and analysis, 
automobile'recprds and analysis j etc. . 

Basic computer literacy (BCL) courseware has become 
available gradually. These self-ritatruc±ional programs teach the 
rudiments of computer science and literacy ( topics such as 
introduction to micros, history and; evolution, of computers; software 
developneht,arid data prcx^sipg.:techneques) . Many of these programs 
teach varioius programming languages and designed for home-study 
situations. Much of the BGL^fype courseware is available through 
mail-order type sources (courses in digital electronics, computer 
repair, etc.) j 

If we add tWideS of the home as.cottege industry, 

studio, or workshop we can ^include all "the acrokiting-type packages 

(General ledger, accounts receivable, payable, eto.) and other. 

software packages associated with management of knall^businesses 

such as Visicalc ( electronic spread-sheet) and profile ( 

electronic filing systems). s 

v • / 

The electronic. filing systems can be used with word 

processing software to provide a powerful system for research and 

writing projects. The number of applications for such a system are 

too numerous to iist but,' some possibilities are:, 

* / ' \ 

The; Electronic Renaissance, 
i Ccmputers In Creative Work. 

1 * I <s 
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I mention^ earlier in this paper the need for acme 
sort of intellectual i^iuussance* The electronic model of natter is 
a revolutionary conception of natter in that; it aontxMicts the 
traditional notion that natter consists, of destructible and 
unchanging autpnanbus atoms. The. electrical nature 6f natter as 
und^stqod by <x>nbe^orary scientific thinking states that natter 
is made tp cf relationships , processes , and events, rather thafo^bits 
of substance and that funda^bLULy natter is relational, "nrch 
more like>a delicate fabric than an eUface of hard-building j 
blocks* " 

Modern mthenatics has ag^iasized this Rationality 
of matter in its concept df a relation as a set of ordered pairs 
revealing parent-child lelationsiups. These sane nathenatical 
notions of fundanaental order and; pattern are of significant 
inportance in combinatories and coiputer science, especially in 
data base construction and nanagement. It would seem to me that the 
renaissance we seek must build upon this electronic model of 

reali ty and the, mlationality of modern nathamtics aa a hey oc 

ke^"^onoapt/ ^ 

Life without entry into the world of ideas becomes 
nothing more than a repetitive baseness. Oamputers, as Papert 
strossses, are carriers of certain ^cultural genns^ or ideas. We 
must now begin to take a closer look at these "idea cells' arri pull 
out of them V*at we can in the hope of finding a "phil'ospher 1 ^ 
stone" into the future* * i " 

One very key idea in tMs renaissance will be global 
cxnmunications, global consciousness. Another will be the key idea 
of problem solving and an enquiry -based consciousness instead of 
dogmatics and final answers. New global languages, based upon 
universal electrical axraunication systems, and the international 
\ telecommunications networks now in existence and growing may be the 
\partial solution to the world paradojc facing mankind of scientific 
progress and simultaneous threat of ri^ciear hbloca&t. 

. It is possible, just possible, that the nathetical 
global ocmnunication languages of the Information Age, because they 
transcend local conditions and the inherent linguistic limitations 
A natural languages, can be used as the basis for a higher order 
of \ (xnmunications than is presently characteristic of the 
planet. This type of language, referred to as "Tfeo language" by 
Chii^ese philosopher *^-Hteun Fu, could function to liberate ufe from 
iTelectric, medians, callage type of qqnirwhications that /are 
itly hindering a now synthesis of global knowledge. As / 
3un puts it: ' ' 

A- - 
\ 
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To imitate Lao Tzu's / 
Tao-nitterance, can indeed say that 
T!ai^]Anguage is to all the linguistic forms 
what a great ocean is to the streams and 
brooks • What ousjt be stressed . • is that 
since the question of language, the question 
of thought, and the question: of (the truth- 
of ) reality "are ultimately/ one and the same 
question, nan's linguistic expressional 
emancipation is ultimately none other than 
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rH BEYOND DRILL AND PRACTICE 

c\l 

Q Joanne $ r ; Rudnytsky 

UJ • 

To participate in a conference entitled "Xhe Computer: Extension 
of the Human Mind" is a pleasure. All* too often computer-assisted 
instruction (CAI) seems simed at making the student an extension of 
the machine. This conference title makes it clear that our model of 
the human mind will guide bur view of, the appropriate use of the 
computer in education. 



- Working with computers does illuminate our own mental processes. 
The words "input"' and "interface" are sc useful- that they have* 
passed into common speech, from time to time I realize that I am 
saying to myself something like "Hey, you didn't process that inter-- 
• rupt right!" But wje must iiot try to turn people into imitation } 
computers. A current' model of the human mind, proposed liy * a 
leadei^^tfie figldf of artificial intelligence, tfinsky TBernsteirt, 
pp. 50*52), se#s the mind as containing a very great many semi- 
autonomous information processing centers. For all their branching 
capacities, computer languages now used in CAI are essentially 
linear. They <(at\ represent only a tiny fragment of what the human 
mind does. k * * 

There is a view of education which is based on a linear theory. 
The Skinner 6bx theory of learning maintains that behavior not only 
can be but should be learned as a linear set of tiny steps. There . 
is no doubt that some parts of our behavior do and should follow 
this model. For example, tying shoe laces consists of a set of disr 
cretely learned but now automatic actions. The valid purpose of 
this linear approach, in mathematics and elsewhere, is to remove 
some sets of actions" from the realm of Jthat which requires any 
effort - to make those^actions automatic.^ 

No doubt it is handy to know automatically that seven times > 
nine is sixt^- three.; I recommend it. I recommend much more * 
mental arithmetic than is currently fashionable. But a child who 
,knows numbet facts with no^ understanding of how or when to use them 
is a slow . ityitatl£o.?q§i3L fbuifefunction calculator. The jobs that 
require basic skills and nothing but basic sjcills are gone or — 
gciug fast. Clerks seldom calculate change at the store. Some 
fast food chains haVe even made it unnecessary to punch in the 
price of a cheesebur,gerv The clerk presses a picture of one 
instead*, Machines can perform automatic actions, more rapidiy and 
accurately than humans can. 

There are two sets of circumstances in. which we heed to 
memorize without understanding". Ofte occ urs, when we heecj the 
behavior before we are capable~"of understanding the organizing 
principle - we nee<J to tie shoes before o we learn any theory of 
knots. The second occurs when there is no accessible organizing 
principle - we learn our most commonly used phone number by rote. 
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But mathematics is a creation of} the human mind and can be 
understood.. There is no longer any, ''real' , world" need for or 
reward of performance without comprehension. Drill and practice 
is a part, a vital pa£t, of mathematics learning. . But it should 
be a practice upon and reinforcement of concepts. The child who 
with^^JjAderstanaing learns the "insert arid multiply" ipethod of 
"dividing fractions in the spring of one year remembers in> the fall 
of the next that sometimes^ under some mysterious circumstances, 
yqtu turn one fraction upside down.. I have met that child ^11 too 
often. .% experience ii verified by a study by Peck and Oencks 

(pi imi 

The difficulties children have *it^ fractions are 
conceptu al. . . . Ch ildren a re ■going' t hrough t he mo tions 
of operations with fractions "but they Rave notTbeen 
•exposed to the kinds of experiences that" could provide 
them with the necessary Understandings. The study suggests 
'mathematics educators and cjujrriculum writers need to 
shift emphasis from the learning: of rules for operations 
on fractions to the unveiling of a conceptual basis , 
for fractions . . ] 

Although it may. seem to take more time to teach cbricepts than 
mechanics, it is time well invested. I have often taught the same 
students in several grades, so if they did not remember something 
from last year or the year before there was no one else I could 
blame it on. Parenthetically let me ;remark that, the student who 
remembers really vividly is the one who made the model. Organizing 
principles do pay off. If arithmetic 5 ^ understood, algebra is . 
easy. If algebra is c^ * " " 

manipulations are no problem. As .Howard! Fehr Wrote (p. 3): 

A In the teachings, of mathematics it has been the 
custom to de^y too long the introduction of certain 
fundamental Concepts . . . that^re necessary for a real 
and lasting understanding :of the t subject* The lack of 9 

* emphasis oh these fundamentals . ./may perhaps be 
explained but not JustiY-ted by the fact that the mechanics 
. . . are easy to teach and easy to test,, while it is 
more difficult tp. teach with real Understanding the . 
more abstract concepts 9 arid to measure the degree to 
Which a student lias mastered the^e concepts, is evep : more 
difficult. However* if >o teach in this»*manner wp can 

* In the long-run coyer more ground, since the mechanisms 
thenJiecome means to an end not ends in themselves, and, 
even more important ^ the studerits develop habits of think- 
ing, things out for^ themselves as well as attaining ap 
increasing ability to $o this. 

The "Etock-tbrBasics" movement represents a legitimate desire 
bn*the part of parents that their children have substanqe in their 
education and riot come out unprepared to enter ari iricreasingly 
demanding marketplace. 5>ut the form the movement has ta(<en is 
unfortunate. A student, who learns that rote memory will be rewarded 
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is learning a falsely optimistic picture; of the world of work. We 
need to be able to use our information, pot Just have and regurgi- 
tate it. Concepts are not a frill! 

^ Is it possible for, a computer to aid in the formation of 
^concepts? I submit that it**fs'; ^ 

My experience with u$ing the computer in mathematics classes ) 
goes back to l968 ; , when restarted usi/ig a time-shared teletype 
terminal to teach beginning programming and numerical methods. 
--At that time I saw-rid-use-f or ^-instruction by means of the computer. 
But in 1275, when I was' fortunate«enough to be introduced to 

computer graphics gt foe Oregon Museum of Science and Ind ustry, 

I f e lt "that I had~met an educational tool with revolutionary poten- 
tial. The ability it offered to make ideas visual and to allow 
experimentation would be exciting even to good students. But 
the possibility of making mathematics attractive to the students 
who had found it unattractive was what really excited me. 

Since 1975 I b^ve been involved, in various ways, in the 
development of CAI in mathematics. The remainder of this talk will 
bfe illustrated By examples from two series of programs, Factoring 
Whole Numbers (FWN) and Fractions (FR), and f rom one single disk, 
Arith-^tegic (AM). The series are organized as follows. Each 
topic, six in Factoring Whole Numbers, and twelve in Fractions, 
is. presented in two programs. The A. program is made up of/ a 
h^hly-iriteractiye,^branching tutorial, an opportunity fo£ the 
learner tp give the computer ^ problems, and then .sets of problems 
given by t he-computer to the- student .; In alinos^II^caies the — 
student has a choice of level of difficulty in problem sets. The 
B program is a game or exploration which uses the skill in a creative 
way, or sets it In a wider context. Many of Ifche B programs contain 
enrichment^material. Many are usable by students of varying degrees 
of mathematical ability / v A, wide ! range of students, will learn f rom 
them; -more able students will learn more. Many of the programs 
suggest that the students use : nranipulatives while running the pro- 
grams. Let me imn«diately conceed that one needs to be able to 
read (at least at a fifth or sixth grade level) to use these 
programs. 

The programs are carefully sequenced. - In ^ sampling it is 
important to realize that programs build on preceding ones.,, 

Now let us look at some examples of ways in which we ; can use 
the computer in Instruction. Perhaps 'the simplest level is the 
computer as electronic lecturer or textbook. . At this level the 
advantages of the computer are th^t it can easily repeat last 
Wednesday's lesson for a. student who was absent, . is always consist- 
ent, never mumbles, and pan present information Sj\ ah attractive 
format. In a book "white space" is expensive. 6ri the computer 
it is free. As an example of the display bf information, let us 
look at u The Sieve of Eratosthenes" (FWN 3B),, " 

■ - ■ ' / 
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A textbook cannot. require the reader to interact, as a 
computer tutor can and should. Frequent questions verify that the 
student has understood. A branching program allows the student 
to skip unnecessary information and to get additional explanations 
and: examples where needed. Let us look at the treatment of _ , 
perimeter in "The Rectangle Game" (FWN IB). 

Jhe dialogue will be as good as the programmer makes it. It 
is important to predict the categories of responses and handle them 
in a way that makes the user feel free to experiment. Running a * 
computer ^program-should neve^ make-the-user-feel stupid^ - 
(Prograiwhers often feel stupid, but that is entirely different!) 

On the other hand, if the questions are usually interesting, 
I see no need to use valuable machine memory space on being able to 
understand the word "yes" in fifty^seven langdages. Let 1 s look 
at the handling of input in, for example, "Pairs and Squares" 
(FWN 2A). the autHor must also predict and/or observe and thon deal 
with other responses which differ from the expected. In "Pairs* and 
Squares" we establish perfect squares as numbers which, as tiles,- 
can be arranged in squares. In order to factor efficiently we need 
to have thexconcept of a square root, so we next try to find the side; 
of a square with a given area* if hat square root has any relation- * 
ship to Squares is a hew idea to many adults as well as children.) 
'•We ask whether you can make a square with 8 tiles^ The ^expected and 
desired answer is that you canridt. But what if the student builds 
a hollow square? That is the kind of reasonable error which needs 
special treatment. 

Going back to "The Rectangle Game," let us look at an occasion 
where understanding grtfws in a quantum leap rather than a discrete 
step. Suppose that dn the course of the game we want to find a 
rectangle with an, afe^ of 30 and a perimeter of 26 arid have arranged 
30 tiles (correct area) into a 5 by^6 rectangle- (wrorig perimeter ) . 
When the studerit physically breaks the 5 by & rectangle into two 
5 by 3 pieces and slides one piece so as to make a. 3 by 10 rectangle 
the cbwnutative property of nwltiplicatiori into life; 

5 x (2 x ; 3) really dpies equal (5 x 2) x 3, though the language the 
-st^eht-probabi^^ uses is that if it's twice as long 

it has to be half as wide. 

^ A picture is often worth the proverbial 1000 words, but even a 
picture is an abstraction. As Bruner says ( Left Hand , p. 101), 
"Manipulation and representation . . . in continuing cycles are 
necessary conditions for discovery; They are the antithesis of 
passive, listener-like learning. " 

Students of all ages need a solid background with manipulatives 
before they deal .with abstraction. Students of all ages also rieed 
to see mathematics problems as something a reasonable person (of that 
age) might want to solve. In her wise and helpful f>ook, Children's 
Minds ,; Donaldson sihows that children have more ability to conceptualize 
than they are pf ten given credit for. As she 7 says, (p. 17, emphasis 
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is Donaldsons) If a task "makes human sense ... It is not at all 
hard to convey to a child what he is supposed to do: he apprehends 
it instantly. It then turns out that neither is it hard for him to 
doit. In other words, . . . he shows hone of the difficulty . . . 
[with certain Plagetian tasks] Plaget ascribes to him." 

^Sometimes the way' to make human sense is through a human story. 
As an example, Met us look at the stor>?:of . Laura ,^Maiy,- r the^aby-and ~ 
the two cookies in "The Division Meaning" (FR 3A) . 

x But as the ^popularity of Rubik'scube attests, solving good 
problems is inherently pleasurable* Small children love to learn. 
It is. one of our responsibilities as educators to avoid destroying 
the child's pleasure in problem solving by substituting mechanistic 
rules for thought or by supplying inappropriate intrinsic rewards. 
It £s sad; to see how many children have become convinced that common 
sense has no place in the mathematics classroom. The individualiza- 
tion which is possible with the colmputer makes it possible for each 
child to have N experience and success with problem solving. On the 
first page of :hls classic How to Salve It Polya suggests (the emphasis 
is PplyaVs): . • - » 

,The student should acquire as much experience of ! 
Injlependent work as possible. But if he is left alpne wii v h 
.his problem Without any help or with insufficient KelfcY 
/ he may make no progress at all. If the teacher helps / 
/ top much, nothing is left to the student, the teache/ 
should help, but not too much and not too little, so 
— that the student sharrh the work . 

Helping not too much and not too little istnot easy,. As a 
rather mundane example of an atteinpt to provide Nfielp if and only if 
it is heeded,, let us look at ''Adding Fractions" frrR 6A). More help- 
ful, in the long run; is the stimulation of the student's ability 
to decide whether he or she is ready to move on. In the A programs, 
the computer does not give you problems until you have had a chance 
to give the computer problems. This gives the learrfer the oppor- 
tunity to experiment, dnd to try out easy or difficult numbers. It 
is fun to watch people's ambitions soar. Let's mal^e the computer 
find the answers in "Highest Common Factors" (FWN 5Aj. Polya f s 
somewhat disconcerting. advice to occasionally try to solve a problem « 
by means of a related ha rder problem Is often feasible on the computer. 

I don't think that Polya Would disparage adding fractions, ^but 
he of course has something else in mind when* he speaks of problem 
solving. No computer can substitute for Dr. Polya. But one of my 
aims in writing these programs has been to provide some occasions for 
the richly suggestive freedom which encourages problem solving .* 
Here I would like to demonstrate two programs which can be used by 
students at many levels of sophistication \ Even weak students can 
play the games and begin to see some of theopatterris. Even 
exceedingly stohg students are' unlikely to* solve the second problem 
entirely. , , , . 



In the /'The Euclid Game 11 'fcWN 5B) we use the Euclidean 
Algorithm to find the highest common factor of two numbers. The 
object of the game is, to find pairs of numbers which will take a 
maximum. number of steps to find the highest common factor. In 
"Decimal Patterns" (FR 3B) the object is to predict the behavior 
of the^decimal equivalent of "a fraction, given the prime factoriza- 
tion of the denominator. 

. MaitFematicians and scientists work by hunch and intuition, 
followed by testing; and, proof . In teaching mathematics we have 
tended to^ state the rule and than tell students to apply it. This 
makes mathematics alien to the. student, and it is alien to mathe- 
matics. Improbable though it may seem, a computer program can make 
it possible to allow th^ student to go through the steps, of dicovery 
and intuition which make an idea his or her own. 

Computer programs are a powerful new teaching tool, but they are 
one tool among many. Teachers remain vital. Books, manipulative 
materials, other audio-visual materials, all have their place. The 
computer can^only deal with the expected.. Once in an algebra class 
a student/ asked how I knew that th,e way we had just factored an 

-equatioi/ was the only possible way. This is a deep question, and we 
spent Several fruitful days exploring it. No computer program has 

^that Kind of flexibility. At its best.,, teaching feels to me like 
what/ conducting a symphony must be like - a whole which is much more 
thart the sum of its parts. I hope teachers will find these programs 
a /Valuable new instrument in their orchestra. 
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One interesting and important use of computers in schools is 
that of students learning to program. Many reasons are offered in 
favor of teaching students to program: programming puts a 
computer user clearly in charge of a machine; students who can 
program can write special purpose programs for use in their other 
classes; -students can use programming to exercise their problem 
solving skills; becoming a professional programmer is one of 
today's best promises for future employment. 

Many argument} are advanced against teaching students to 
program: a person must invest a great deal of time and energy to 
learn anything more than rudimentary programming skill; creating 
veil written programs requires huge amounts of effort, even for 
skilled programmers; students usually "code problems that someone 
else has solved rather than solving problems themselves; only a 
very small fraction of students will become professional 
'programmers and those had best wait to learn until the can learn 
formally at a mature level* Regardless, programming is being 
taught, in a variety of forms, to students from preschool to 
senior citizen 1 • classes. 

/ 

Programming and Cognition 



Programming is a complex task, consisting of many subtasks of 
varying levels of difficulty* A person can be said to be 
programming even though he or she is able to do only a subset of 
the tasks and is only using a part of the language* How large the 
minimum set must be if the total is to add up to "programming 19 is 
a question far from being settled* Effective use of any 
programming language, however, requires, knowledge of quite a few 
different programming components* In designing instruction for 
students learning programming, one must consider the difficulty of 
these various programming subtasks, and must match, th* tasks to be 
taught to the cognitive developmental level of the students 
receiving the instruction, • 



Cognitive development 

the several different prominent theories of cognitive 
development agree oh general characteristics of the growing mind 
(see Further Reading). The young child is primarily focused on 
concrete objects and relates to physical representations best* As 
the child gets older, he or she is able to deal comfortably with 
more and more abstract representations of objects and ideas* I At 
the same time, the growing child comes to classify objects into 



groups, considering tbe^groups as aggregates of elements, where 
the elements have^c^mmon characteristics. Processes and ideas 
also become members of groups, and even problems eventually are 
recognized as belonging to classes. 

With objects or ideas aasociate^\i'nto groups that represent a 
single conceptual unit, a person can consider more ideas at one 
time* The size of a learner's, "chunks" of' knowledge has great 
effect on how readily he or she can understand a situation or 
solve a problem. Another characteristic of„ cognitive growth is 
the transition to more and more formal logical analysis of a 
situation or problem. This growth in formal logic, like other 
cognitive growth, may be due to experience with logical analysis 
or may be due to maturing of innate cognitive skills. In either 
case, it can be observed in students as they get older. 



Research 

Some researchers have looked at programming through a 
cognitive perspective (Brooks ,197^;- Floyd, 1971; Sheil,1981; 
Si*e,l$73*77;). Most of their wojrk, however,, is primarily focused 
on expert-rlevel behavior and is based on observation of 
professional programmers who already had adult level cognitive 
abilities when, they >egan programming. A few researchers have 
addressed the teaching, of^rogramming* to computer science 
students (Hoare > 1976; Soloway:,198i) and to novice, non-specialist 
groups (Cheney ,1980; Mayer ,1975, 76 ,79,81) . these studies have 
looked at the teaching of specific tasks and students 1 success 
with learning them. 

In the next, section of this paper, 1 suggest a hierarchical 
structure of the subtasks of programming as a whole. This will, I 
hope, provide some guidance to designers of programming 
instruction. I hasten to add that the tasks being discussed here 
are not, all one needs to be a programmer. Rather I am addressing 
the specific constructs of programming languages that one learns 
while one learns to program. 

Programming Constructs 

A computer programmer writes a program to give direction to a 
computer. The program must specify the action!' that are to be 
taken and provide a means of recording the effects of those 
actions . Learning to program computers involves learning the 
syntax of a language plus learning' how to make effective urfe of 
the structures the language provides . Beginning programmers $ften 
are taught only syntax, with the expectation that the overall 
structures will be apparent. In the discussion below, the focus 
is on the structures of computer languages rather than the syntax. 
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The programming process follows a pattern like that of other 
structured problem solving processes. First the given problem 
must be analysed and the initial state clearly understood. Next 
the final, desired state must be indent if ied and the specifics of 
that state defined. Tile remaining part of the problem solution 
consists of determining what processes are necessary to cause the 
transformation from the initial to the final state. A specific 
programming task often involves many cycles through these steps, 
as the problem definition becomes clearer. 

Throughout this process, the programmer has two factors to 

keep^B~mind:~3tfo~data~td^ 

operations on those data. In one sense the data are the nouns and 
the operations are the verbs of a computer language. In natural 
language the nouns and verbs cannot be dealt with entirely 
separately. The programmer similarly must keep the relationship 
between "tl*e data and the operations in mind.. However, considering 
these two factors separately aids in; the understanding of the 
programming process, both for the individual learning to program 
and for the teacher^ designing instruction. 

In the following discussion, I have given examples of the 
control constructs through two language forms. One is an informal 
algorithmic language using English language expressions, the , 
other is a language, very much like BASIC, but with some extension 
to make the examples more understandable. For examples in the 
.dif^ussip^ <fcta structures would be 



used in the BASIC like environment. 
Data 

Data are the entities that a program is processing. 
Programmers think of these entities as objects to be moved about, 
changed and recorded. They are the things the program must keep 
track of. Data can be viewed in different categories, dependent 
on how abstract: the representation! of the data is. the first are 
literals and constant For example, when a program says 

10 PtlMT 'HELLO 1 
the literal 'HELLO 1 is directly evident. Similarly, in 

10 PRINT (4+5) 

the value of the constant is very easily seen. 

* The next level of abstraction. provides the simple variable, 
either entered into the program by a ; user 

10 IHPUT A 

20 PIIHT A \ \ 

■ ■• - v . / _ x . 

or assigned within the program. , 
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10 A - 1 / . 

20 B - A + 1 j. ' . 

30 PRINT B // 

Understanding the use of this kind of data requires the ability to 
jiee the variable as a name of an object which, in turn, has the * 

#aiue~of™the : -7aT«bie-as^i-t*-cont^ttt^ : = ; jf ' ' 

, . ■ . • • ij 

The next' category of data' contains structures through. which 
the data are addressed less directly. Typical of these^are 
records and arrays. The data in .these structures are perceived as 
a unit. The units are aggregate! of values that are accessed 
through the use of a variable value separate from the Amit. For 
example, in a two dimensional array, a value is indexed through 
two variables., — - 

i 10 X - 1 
I 20 Y - 2 

. 30 PRINT TABLE(X.Y) 

This require* using one set of variable values to /point to- another 
set. Additonally, in some aggregate data structures, the position 
of the data in the set contains meaning. For example i in the 

record - - jj 

ROGERS , JEAN , B ,1982 ' | 

the ihformation^it known to be a first name-if/it is in the second 
field of the recdrd/whiie in a list of color* 

I 

COLOR(lOl) - 'black' /.' 
COLOR(102) - ' red' ; 

COLOR(103) - 'blue' * „ 

the order of ' the values may have no mean^hg. Other complex data 
structures, such as a file made of records, add more dimensions to 
the complexity but do not involve further levels of abstraction. 

The least, concrete data structures are those in which the 
programmer creates images of structure'over the data, to do this, 
the programmer builds data relationships using tools provided by 
the language rather than using a structure that is predefined in 
that language. Accessing the values in such structures often 
involves very indirect addressing, and the structures "may be 
dynamic and ephemeral. 

Control Of Flow , . ... 

The second facet of programming is control of flow of 
operations. Operations are the active parts,- the verbs of. 
programming languages. When, a program is run, it executes the 
operations on the data. ' 



Th<; simplest flow of operations if •straight sequence, where 
each operation is done once; in sequential' order according to the 
linear order in which tile operations are written. 

10 INPUT mm ' ' . Get value 

20 PRINT 'HELLO, 1 ,NAME . Print nessage and value 

3 0-END ♦ . . - . . \. 

The next most easily understood and used is the infinite loop. 

10 INPUT NAME Get value 

20 PRINT 'HELLO, ' , NAME Print nessage and value 

; 30 GOTO 10 ' Start over 

But rather than attempting infini* „ one wants control over the 
repetition of the loop. If the prbgrsmner knows how many tines a 
loop should be executed, that structure can be written with a for 

loop . .' - 

10 FOR COONT - 1 T0 V 10 Iterate 10 tines 

20 PRINT '*' Print nessage 

30 NEXT COUNT 

or using a Variable limit rather than a constant 

10 FOE WW i « l-i tint-j— ~ Iterate N times 

20 PEIET ■*! Draw picture 

30 NEXT COUNT 



To use the for loop, one must think of the loop as a unit to 
be executed a discrete number of times. This is in contrast to 
thinking of the statements as a sequence of operations that are to 
be done and possibly repeated* \ the for loop thus requires a move 
to a different level of understanding and is a more difficult 
concept as a result. 

Often the completion of a loop will depend on some condition 
rather than on a count of the iterations* The most common 
construct in natural language expression of such of process 
control is the do/ test loop (Miller, 1981). In a do/ test -loop, the 
process is done once, then the decision criterion is tested to see 
if execution should be repeated. The do/test loop assumes there 
is some other instruction to follow vhen the loop activity is 
completed. % j « - f * 

■ ' * / 
10 IIPDT VALUE tepeat 

20 FEINT VALUE, _ Get the paper 

30 IF VALUE <> LAST GOTO 10 Grade the paper 

40 kHD Until the last one 

. / is done 

or in a counting loop 
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10 COUNT - 0 * *epe«t 
20 r PtIHT f * f ~ g~: Print the message J 

30 COURT ■ COOTTC ^ l 1 ^ Until 10 have been 

40 IP COUNT < to GOTO 20 printed 
50 END * 



Another tbo>, the test/do construct, is even-more difficult 
because one nuit §ee the-loop as t unit with an^additionil 
complication; The decision about execution of thf unit- is made 
before each execution , u as the test for a test/do loop is at the 
beginning the toop." this allows for the loop not being 
V executed at* all under certain conditions. In these cases, or at 
the tine when the looping is. complete in the usual case, the » 
; activity of the program flows to some other instruction. This 

next action is assumed in the test/do loop structure as it is in 
\ the others, but takes a more confusing role because the test for 
the loop comes first in the structure. This loop seems to be the 
hardest of the loop constructs for learners to handle correctly, 
particularly as it often requires tests on negative situations. 

10 IP A > 100 GOTO 50 While A not equal 100 

20 PIINT A : . _ * Print A 

30 A ' ■ A' * 1 \ increment A 

40 GOTO 10 
50 END 

Another poorly handled construct is the conditional or branch 
structure, which alldws for a fork in the flow of execution of 
operations (Sime,1973). this also requires th^ programmer to 
think of segments of operations as units, and ib understand the 
criteria for executing one unit or another. In computer languages 
that do not provide the if /then/else directly, unskilled ^ 
programmers write some very convoluted code to accomplish this 
structure 

10 IF A > 10 GOTO 30 If A > 10 

/ 20 GOTO 50 Thin . 

30 Jim 'GREATER THAR 10* Print 'A greater 

• 40 GOTO 70 than 10' 

1 50 PRINT 'MOT GREATER THAN 10' Else 
; 60 GOTO 70 Print 'A not greater 

* ' . ■ 70 END th,n 10 ' 

& 

Implications 



These data structures and control constructs are the building 
blocks which programmers combine to create programs, the methods 
and styles of combination are another important area,' one which I 
will not address here. Tasks within the hierarchy given above, 
however, demand a wide range of levels of cognitive abilities. 
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Observing and considering this hierarchy can help the designer of 
instruction in tvb ways. 

The first is identifying the developmental level at which 
students will be able to understand particular concepts 
(Kossan,1981; liowe,1982). It should be. noted, however, that 
people do use constructs they do not clearly understand, often 
using them quite effectively. Some researchers (Papert,1980) have 
argued that given experience with more complex cognitive tasks, 
particularly control of flow of operations., younger children can 
—learn to accomplish these tasks independently. 

Additionally^ by considering the levels of difficulty of 
specific tasks,; the instructional designer can adapt the delivery 
method to the specific task (Lawson,1975; Merrill, 1966) . Knowing 
the developmental level of the students and the difficulty of the 
task, the designer will have~^^ance~^^ 
to use. 
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ELEMENTARY CLASSROOM COMPUTING 
Joshua jReckord 



We would like to share with you our observations as teachers about 
the classroom in general and as a site for the placement of micro computers. 
We would also like to share some thoughts about our profession with a 
specific look at its relationship to classroom computing and curriculum 
decisions, • * 

Much discussion about computers and their relationship to future 
classrooms is being, suggested at thfs conference. Wheft we, as classroom 
teachers, consider the future we aYe^ struck by the potential variety of 
outcomes. Hopefully, as we consider the importance of classroom computing 
on future classrooms, we will consider computing within a broad possible 
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the total make-uD of our school ing experience* " \" — _ _ 
Daily school ihg, es^ elementary level, is experienced 

within a classroom, most often a space roughly 30 feet by kO feet bi'j£i}< 
feet high (12,000 cijroic feet) with permanent or sliding walls shared by 
20 to 25 chi ldren/wj th one or more adults. This experience lasts six hours 
a day, 190 days/a year, totalling 1,080 hours annual iy. This space is 
shared by desks, chairs, tables, books, maps, brooms, tape recorders, drink- 
ing fountains, a pencil sharpener that might or might not work, arte, in a 
growing /{umber of classrooms, micro computers. We call this rich environment 
"class/ scape. 11 There is a relationship of each component to each of the 
pthtfr components. We have chosen to look at "class scapa 11 through 
e following f ive, perspectives. 
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Different ^cvfcls- Sf*- &ttecftshtp ; the relationship/of 
adults to children as groups, sub-groups, and individuals, as 
well as the relationship of individual s and groups o^ children 
to other groups of children. 

Space arrangement and territory ?- the physical layout of 
the room, -the arrangement of equipment, and th^/access and 
availability of materials an<^:equipment« 

J nf orniati oh- circulating : 



the use of books, bulletin, boards., 



c i rcu 1 a t i on of ass i gnmen 1 1£ , the use of dittos vs. workbooks, and 
\ the ayai lability, and access 



ss to record-keeping and evaluation, 



Sound level : th* relationship <ft noise, or the lack of 
it, to the environment. 

Time : the elements of instructional time vs. free time, 
passing, time, and the opportunity for individuals to choose 
activities appropriate to^thejt own interest. 




We 



Each of these various elements found ih the classroom have* a 
relationship to each other interpret or look at the classroom 

would like to quickly raise some questions and observations about these 

five perceptions in relationship to micro computing.- 

/ j \ » 



Citizenship : Who decides which student should use 
the computer?/ Is computer access on a' regular sequential 

-b^sj^^^ 
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finished w^hhis^or her work, students assigned by 'the 
teacher, /£r a sign up by interest? Is there a relationship 



of comptitiF ^ system? 

z ^pacV a r<rangemen t : ' Is the micros computer movabTe^oF " 
stationary? Is it used only on one leveF in the room, i .e< 
a 7 desk? ^ / 



on 



Information circulation : Who teaches whom how to operate, 
and use the micro computer? Who isLtesponsible for software 
purchases and use decisions? What Is the level of privacy in 
^regard to children 1 ? computing, especially as it is used as a 
word processes? ^ 

Sound level : Is there an expectation that the computer is 
electronic leather's aid and that children, individually or in 
groups i will be. working with: a computer doing drill and 
practice that reinforces classroom instruction? 

Time : Are decisions about control based on teacher 
availability for supervision? Is access available before and 
after school but limited during other instructional times, i.e., 
reading or social studies7 



Joad, 
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As we analyze the various perspectives, numerous anecdotes from our 
day-to-day experience i I lustrate for us the relative Impprtance or 
unimportance that micro computers in the classroom play for individual 
students. Many students have other strong interests yet^ their l ives, because 
of our choice to include computers in our "class scape, 11 are affected. 
The computer is singularly important to other students for reasons that 
exceed their instructional value. For these students decisions about 
access and physical placement of the computer within the classroom are 
crucial. Our consciousness as teachers .needs to be sensitive to aM the 
members of pur classroom, We need to be respectful of those who have no 
i/iterest in classroom computing and encourage their interest irv other 
areas, as well as to be aw4re of and respect those who have a strong interest 
in computers. V - 

This l ight brushing of tl^e\surface of the "'class scape" hopefully 
will Sugoest for you similar a|fectf$>tes from your own experience which, 
upon examination, will haye-explanatory power and give some insights into 
your decision to -include micro computing i'n your classroom. It is important 
to remember that computers in the elementary school, in any school, are not 
experienced in isolation, nor,are they necessarily the most important 
component found in your classroom. For some children the crucial educational 
issue of the^et-ghtiejL is, "Who gets to take out the dddgeball?" 

It is important to our sel f-rnteFes.t_to view the position of teachers 
as an important element of the "class scape." We are^inteiiested in the 
relationship of classroom teachers as decision-makers to the choices of ^ -r- 
material, equipment, and curriculum, particularly as they relate to classroom 
computing. It is safe to say that our individual understanding of our 
responsibilities and conduct aslteachers is tied to the personal system of 
values, experiences, snd opinions that we each bring to school and into 
the "class scape." « 
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Teachers and students have in~school a different relationship to 
knowledge and information. Teachers are trained and reinforced in their 
belief that i4>ey have knowledge to impart and the responsibility to control 
knc^/l edge within the formal learni ng^ envi ronmeht . (Whether the teacher 
sees him or herself as a learner is ariother matter.) The student, a _ ^ 
teacher through large parts of his or her world (BMX bike maintenance, 
video game operation, TV show plots, etc.) is primarily the receiver of 
knowledge in school. Our success as teachers is often not measured by 
the richness of pur envi rofiment or the interactions of our students, but 
by the progress we make through a planhed, .sequential curriculum. Who 
controls the information has been, is, and will be a fundamental issue of 
our profession. The decisions that we 'make in regard to curriculum have 
a political and economic component. Decisions that on the surface are 
justified as educational have a much deeper element whicK protect our 
vocational and emotional self-interests as we continue to work with children 
who will be using th^ information, tools, and knowledge in 1990: we need 
to feel needed. We would ^contend that the subject ivenes^^of our 
decision-making is far nwre powerful than. the professed objects of our 
profession. Specifically, the most pressing issues for teachers as"curricul 
and material decision-makers in relation to our classroom responsibilities 
and the" placement of micro computers in our classroom' are the fol lowing: 
who has and controls knowledge, our relationship to strong and vested 
economic interests, and the emotionalism (subjective reality) of alternative 

futures. <. 

THE EXPERT 

- — There is a tendency in any profession to protect one's job and - 
make decisions~bTsred on_one > s self-interests. Thus, while many of us have 
become hooked by the electronic excitement that micro computing offers, twb 
things seem to have occurred. First, available softwar^eems to duplicate 



the author! ty model of traditional classroom instruction. The program 
asks .questions and rewards correct answers. Second, because of the avail- 
ability of funds and the perception, that Computers are where kids are, 11 
micro computers are purchased without a careful pre-computing foundation 
or a commitment to make full use of computers and allow access on a broader 

scale in order to~justify the expenditure. The tendency at the elementary 

. .-. * — © — 

level seems to be the emergence of the "specialist: 11 classroom teachers who 

have special interest in computing. What emerges within each building 

is a technological folklore and language which limits access and reinforces 

the perception among children and adults that computers are mysterious 

and' scientific. 

/ ■ . / - - • 

' ECONOMIC PROBLEMS OF MATERIAL DEC I ON-MAKING .. 

It is a fact that schooling i-s a big business. One need only walk 

through conference display areas in any subject area to realize the impact 

and growing importance that micro computers ^] ay. We are cynical about 

the use of hardware as. bait for school districts to become entwined— ta~=^=== 



long-range software commitments. The powerful sales pitch to sell all 

/ 

PEtS or all Apples to a school district,, just as we buy uniform texts, is 

y 

a current issue in education* Of grbwing importance to us as classroom 
teachers, though, is our hole and /esporisibi ifi tie^ in putting- pressure on 
families to purchase small computers for home use to allow for continued 

and expanded opportunities outside of school. The speed, at which the market 

/ 

is changing and the extent <}f its growth is remarkab 1 e. Temptation^ 



is great, ahdlwith the declining avai labi 1 i ty of funds crucial long-range 

* * . / > > ^ 

decision5 are being made'. This pressure, however, is not new or different 

than the pressure for'standardized classroom furniture at the turn of the 

i ' ' / 

ceAtury or the adoption of uniform texts and the lobbying by publishing 
companies over th^ last eighty years.'* 
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THE EMOTIONALISM OF ALTERNATIVE FUTURES 
We are told, "The computer Is ftere' to stay/ 1 The full meaning of^X£((s 
statement and our understanding of it gives us insights about our view 
of the future. The future is viewed by teachers, . both as adults and educa- 
tors:, with a vested interest in the continuum of the past through the 
present to a future: changing but hot changed yet predictable, which 
justifies not only our curriculum decisions as teachers but our behavior 
as adults. Our day-to-day actions .need the support of a predictable future. 
History has not only a past but a future component as well. The acceleration 
ofvchange condenses the past into the present, making our children not poor 
historians bJt historians haying a different historiography. In the 
application of decisions about school ing, we teach about our view of history 
and a future through curriculum organization, classroom structure, and 
equipment ^nd material choice. We would suggest in our choice and use of 
computers that we are attempting to reinforce our understanding as adults 
abc^rt the* future. Computers hay«i become, for too many classrooms, "deus 



exTmachina, 11 saving the classroom from its inability to be useful. Kids, 
the other hand, because they have a>»d i f ferent v;iew of the future through 



a different .historiography , use end, understand computers nr a; different way. 



WHAT WOULD; YOU DO? ; 

In our conversations with children we have discussed and shared ideas 
about, computer use in public schooling. These conver^satjons^are j-e veal ing 
to the extent that their ideas vary from our current classroom computing m 
activities. Here are some suggestions for computer use as a result of 
discussions with elementary students . 

,1. Computers ought to be in plastic, bubbles like phone booths so kids 
could; play or use the computers at recess and after lunch breaks. 
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2. Sctiqol districts should creatively arrange the working hours of 
all staff so that someone would be available to supervise students 1 - use 
of the computer a maximum number of 1 hours each day. For example, the 
custodian might supervise in the morning before teachers report for duty. 

3. Schools should not purchase all of one type of ^computer. Kids 
should have experience with all different kinds,, and families should be able 
to check out computers for the weekend. 

A. We should fight the curriculum connection by having all games, 
learning activities, and software developed by students within the school 
district. Older students would help younger students by means of a ladder 
system wording from high school to first grade. 

\ , 

5* We should make* a commitment to spend time discussing pTe-computing 
activities. More time. should be spent talking about computers in a 

technological context, discussing historical , social, and moral issues. 

* ** 

^^^-^ \ * N - 

$7 We should work to de-mythologize the emergfng folklore (computers 



are scientific, difficult, only for "bright 11 people* etc.) and broaden the 
access to computers so i t is not based on some njystical heirarchy. 

By far the 'most important point is that everyone does not need to 
know or love a computer. There are many ways to get through life as children 

1 , , , „ \ 

0iiu as adults. We rnuSt\tedch by pur example to respect each person's 
choice. 

As classroom teachers who are cogcerned about computers and/children 

who will grow up in the "computer age, 11 we are mindful of Joseph Weizenbaum's 

advice in his book, Computer Power and Human-Reason:- — : 

• 

n \ Want them to have heard me affirm that the computer is a 
powerful new metaphor for helping us to understand many aspects of 
the world, but that it enslaves the mind that has po other metaphors 
and few other resources' to call on. The world is many things, and 
h* single framework is large enough to contain them all, neigher that 
©f man's science nor that of his poetry, neither that 6f 
calculating reason nor that of pure intuition. 11 
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